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I. INTRODUCTION

This report describes an analysis of the Detection and Acquisition capabilities
of a combined radar and telemetry tracking system, and a study of interference pro-
blems associated with its use. An additional task to investigate effects of r.f.
interference on narrow band phase lock loops has been reported upon previously in a
separate final report [1].*

The analyses have been concerned with a particular system under development by
Langley personnel. This system uses a precision 30 ft diameter cassegrain antenna
with a combined L-band and X-band monopulse feed system with dual polarization cap-
ability. The system will be used initially at the NASA-Bermuda tracking site in
support of RAM program missions., The first operational use planned for the system
will be support of the RAM-C mission in early 1967.

The major operational problems associated with the system include target acquisi-
tion, a severe problem because of the narrow antenna beamwidth at X-band and the
lack of a strong signal return at L-band; and the possible interference problems that
arise when operating a two megawatt radar transmitter and a sensitive X-band telemetry
receiver concurrently, using the same antenna. Other problems with which RTI per-
sonnel have been concerned include possible personnel hazards associated with the
radar, modifications of the CW X-band receiver to permit operating on pulsed telemetry,
and miscellaneous analytical studies that arose during the program.

Based on data obtained and analytical studies, recommendations have been made
and discussions held with Langley personnel on a continuing basis during the program.
The following sections of this report contain further recommendations and the docu-

mentation of the major results of the studies,

*
See References on p. 76.



II. CONCLUSIONS AND RECOMMENDATIONS

As a result of the experimental and analytical studies conducted during this
program, several conclusions and recommendations have been reached regarding the
operation and performance of the planned system, and possible improvements to the
system that may be desirable either for the RAM-C mission or for future missions.
These conclusions and recommendations are summarized below.

Signal-to-Noise Ratios

The X-band telemetry predetection signal~to-noise ratio has been calculated as
having a minimum value of 34 db for the RAM-C preliminary (shaped) trajectory.
Scout telemetry patterns were somewhat smoothed for the calculations, hence the
value given above should be considered with this in mind. A plot of telemetry
signal-to-noise vs time is given in Fig. 3-10, p. 19,

The L-band radar predetection signal-to-noise ratio for skin tracking, and for
the same trajectory as above, reaches a value of 0 db for the first time at 376
seconds after liftoff, just prior to anticipated VHF blackout. Possible signal
enhancement due to ionization at re-entry has not been quantitatively evaluated.
After VHF blackout, the SNR drops to below 0 db once more. Neglecting the ioniza-
tion, the skin return would reach a maximum value of 27 db and remain above 6 db
for a 15 second interval,

Detection Probabilities

The detection probability for the X-band telemetry on a single pulse basis is
essentially unity in both the main lobe and first order sidelobes of the antenna
beam,

For the radar case, the detection probability, based on 30 video pulses integrat-
ed and a false alarm number of 104, reaches .9 at 388 seconds for the RAM-C mission,
For the period 400-450 seconds, the probability drops below .6.

Acquisition Probabilities

The acquisition probability for the L-band radar is effectively the same as the
detection probability considered above, under the assumption that one of the existing
sources of designation data at Bermuda has achieved autotrack by the time the de-
tection probability becomes significant.

Acquisition probability for the telemetry is small with no scan, and depends
upon the source of designate data as discussed in Section III-G. With proper selec-
tion of scan parameters, the acquisition probability can reach .95 in six seconds,
at the initial part of the trajectory. With provision for position memory, the ac-
quisition time could be reduced somewhat, At a maximum rate scan, the time required

to cover the .95 probability area is about three seconds with a Lissajous scan.



Acquisition Procedures - X-band System

For reliable X-band target acquisition and reacquisition during the planned
RAM-C mission, it is desirable to have the capability of scanning about the continuous
designation data obtained from preflight data or the Bermuda Acquisition bus. The
scan should provide angular coverage as listed in Table 3-6, p. 39.

In order to achieve the required angular coverage in reasonable times, it is
recommended that the scan parameters be selected to allow for possible target detec-
tion in both the main lobe and first order sidelobes, and dependence placed upon
operator skill to achieve autotrack after target detection. To assist in placing
the target within the acquisition beamwidth, consideration should be given to the
construction of special acquisition aids, such as a C-scope displaying detected
video amplitude vs angular-scan coordinates.

Initial acquisition should be attempted at a fixed elevation angle of 3° - 50,
with no scan, It is estimated that a 507 chance exist of detecting the target in
either the main lobe or first order sidelobe at this time. To eliminate the need
for a frequency search for the X-band telemetry transmitter, preflight measurements
and calibrations should be conducted to enable the setting of the X-band receiver
to the transmitted frequency with a precision of + .5 Mc or better. The X-band re-
ceiver AFC should be used in the Manual mode since operation on pulsed signals is
not reliable. Prior to target acquisition, doppler compensation should be programmed
in accordance with the schedule suggested in Fig, 3-14, p. 25, or one similar to
this., This compensation is not critical. A more detailed discussion of acquisition
procedure is presented in Section III-G,

Acquisition Procedures - L-band System

Achievement of the autotrack mode by the L-band radar prior to re-entry is con-
sidered improbable. 1If considerable (10-20 db) signal enhancement takes place during
re-entry, and if manual range gating is skillfully accomplished, autotrack is pos-
sible before X-band blackout,

To assure successful autotrack during this period, consideration should be given
to:

(1) Construction of automatic change-over circuits that sense AGC of radar

and telemetry, and provide switchover of tracking error signals when
one signal drops out.

(2) Operator practice in manually acquiring and range tracking targets with

range rates as predicted for RAM-C, using simple acquisition aids and

simulated targets.




(3) Tests to assure that the radar performs closely to theoretical pre-
dictions, and changes of bandwidths, detectors, preamps, etc., which
are required to optimize the system.

Possible System Improvements

The marginal performance of the L-band radar indicates that a critical problem
exists in maintaining track during the predicted X-band blackout.

To provide a backup to the radar durimg this segment of the mission, a memory
mode should be implemented, taking into account the planned trajectory and tracking
data obtained to the time of dropout. An evaluation of the performance of a velocity
only memory mode (by computer simulation, using the $-129 trajectory) indicates that
this type of memory will provide only one or two seconds of useful tracking after
dropout. A promising technique evaluated is one in which a correction to dropout
velocity is programmed as a linear function of time after dropout, with the rate of
linear correction calculated from preflight data. This technique is relatively easy
to implement in analog form. Further study is required to evaluate the performance
for specific missions of interest, and to select design parameters to assure com-
patibility with specific antenna systems,

Automatic circuits to sense signal dropout and provide change-over of error
signals will assist in mantaining track during re-entry. The mechanization can be
similar to that used in the X-band receiver for polarization switching,

The use of relatively simple visual acquisition aids as discussed previously
will assist in X-band acquisition.

To assist in target acquisition at X-band, it appears feasibple to broaden the
beam by using an auxiliary feed system offset from the main feed. While it is not
feasible to construct a new feed prior to RAM-C tracking, this approach should be
considered for future experimentation.

Radio Frequency Interference

The most critical interference problem is that of L-band interference with the
X~band receiver. A 50 db filter on the radar transmitter output has been previously
recommended, Even with this filter, however, a reduction of sensitivity of 8 to 12
db for the X-band receiver is possible. The actual level should be determined in
tests when the system is completed.

To prevent the interference degradation as above, careful tuning of the L-band
magnetron should be tried in order to minimize the general X-band splatter to in-
significant levels. If this does not prove possible in tests, the receiver should
be gated off during radar transmitter pulsing. This gating operation will cause

very little loss in X-band capability due to the widely differing pulse rates.



External interference has been a problem in the past at Bermuda, particularly
at X-band. Pre-mission tests should reveal the extent of this interference, and
indicate required solutiomns.

RF Hazards

To stay within recommended safety tolerances for RF radiation, no personnel
should be allowed within a cylinder projected from the antenna suface for a distance
of 500 ft. Personnel remaining in the beam for long periods of time within 1000

feet of the antenna should be shielded by a mesh fence.

Personnel in the main beam at any distance should not look directly into the
antenna while it is transmitting., Although no danger is expected, this procedure
has been recommended by safety personnel.

No danger to ordnance is anticipated.

Future Work

Possible general future studies that appear desirable include:

(1) Comparison of flight test data (signal strengths, polarization,
etc.) with predicted values in order to discover possible dis-
crepancies in theory, and to improve future predictions,

(2) Analytical studies leading to improved tracking techniques by
use of adaptive tracking bandwidths, optimum detectors for
pulsed telemetry, and memory modes using trajectory data.

(3) Evaluation of detection and acquisition probabilities for future
missions with computing routines developed during this study.

(4) A detailed study of techniques of beam broadening to assist in
target acquisition, and the problems involved in implementing
a system of this type.

(5) Simulated acquisition studies with laboratory mock-ups and

with controls and visual aids similar to those planned for

future missions.




III. ACQUISITION PROBABILITY STUDIES

A, INTRODUCTION

The objectives of the analysis of acquisition probability are to determine the
probable performance of the planned tracking system; to determine the best opera-
tional procedure for maximizing the acquisition probability; and to recommend possi-
ble improvements for the system.

To accomplish these objectives, information has been collected on system para-
meters, missile trajectories, antenna patterns, and Bermuda designation aids.
Additional data needed has been obtained by direct measurements, such as, for examples,
the radar cross section of the Scout missile and the dynamic performance of the
Bermuda acquisition bus. Mathematical models and associated computer programs have
been developed that accept as inputs; radar cross section data, telemetry antenna
patterns, system parameters, trajectory data, and envirommental data; and provide
for point by point (usually at one second intervals) calculations of signal-to-noise
ratios and detection or acquisition probabilities, Other models and computer programs
have been developed to perform statistical comparisons of trajectories, analysis of
designation data, and acquisition probability calculations., These programs are de-
scribed in the appendices of this report.

The determination and optimization of acquisition probability is accomplished by:
1) an analysis of the planned trajectory to determine angles, rates, and slant ranges

from the antenna site, as well as aspect angles of the target; 2) determination of

the antenna beam; 3) calculation of conditional detection probability (conditioned
on the event that the target in the antenna beam); 4) a careful error analysis to
determine uncertainties in frequency, two coordinate angles, and range; 5) estima-
tion of the probabilities that the target is within a given volume; 6) calculation
of acquisition probabilities and analysis of various acquisition procedures; and
7) evaluation and optimization of the procedures for the mission of interest.

Early in the program, it was mutually agreed to use the Scout S-129 trajectory
as a typical launch for detection and acquisition studies, and numerous calculations
were made with this trajectory. Recently, however, the preliminary RAM-C launch
trajectory parameters became available and further studies were conducted with this
trajectory. The major part of the results discussed in this report are based on the
RAM-C preliminary (shaped) trajectory, as this is of greatest interest at this time.

The following sections describe the various parts of the analysis of acquisition

and detection probabilities for both the radar and telemetry, with emphasis on the



B. SOURCES OF INFORMATION .
A complete list of all information gathered from various sources is listed in

Appendix L. The data of primary importance to the detection and acquisition studies

include the following.

Trajectory Data

For Scout launch S$-129, the LTV pre-flight trajectory, Wallops Island FPQ-6
radar trajectory, and Bermuda FPS-16 radar trajectory are available for comparison
and analysis.

For the forthcoming RAM-C mission, the preliminary trajectory is available.

Radar Cross-Section Data

A model of the Scout missile has been constructed and L-band cross-section data
obtained by measurements subcontracted to the Conductron Corporation. These mea-
surements are described in detail in Appendix A.

Telemetry Antenna Patterns

A set of pattern measurements for the Scout 4 horn X-band antenna were obtained
from Langley personnel, These patterns consist of 5 azimuth cuts and one roll cut,
and were taken with a teflon window on the horns. The pattern data has been inter-
polated and smoothed to estimate the 3 dimensional pattern for all look angles. The
pattern analysis is discussed in Appendix E.

Ground antenna beamwidths have been obtained from the applicable specification
documents.

Bermuda Acquisition Bus Performance

Data on the accuracy of designation data available from the Bermuda acquisition
aids have been obtained from specifications and from actual data. Static data has
been obtained indicating the slaving accuracy of the various antennas now in use in
Bermuda, with various sources as inputs to the acquisition bus.

A dynamic slaving test has been conducted by programming one of the VHF acqui-
sition aids through a typical high angular rate pass, slaving the FPS-16 radar to
the acquisition aid, and recording the digital encoder outputs from both antennas.
This test is discussed in detail in Appendix D.

System Parameters and Configuration

The planned system parameters have been obtained from both specification docu-
ments and from discussions with Langley personnel.

Environmental Data

Data for evaluation of wind gust errors, atmospheric attenuation, tropospheric

refraction errors, etc., have been obtained from data reported in the literature [2].




C. MISSILE TRAJECTORIES
1. §-129 Mission

The Scout mission S-129 was initially selected as typical and was used to
establish the conditions which will exist when the Langley confocal system is oper-
able. A detailed description has been extracted from information provided RTI by
NASA-LRC and has been published as RTI Technical Memorandum TMR-39. This mission
was launched on August 18, 1964, at 2:05 AM, EDT from the Mark I launcher at NASA,
Wallops Island. A standard Scout launch vehicle, S-129R, was used. The in-flight
trajectory parameters of altitude, velocity, range, and flight path angle for the
boost phase were obtained by tracking radars located at Wallops Island and Bermuda.
Radar tracking was maintained until 443 seconds after lift-off at which time signal
was lost due to C-band beacon blackout. Upon emergence from blackout, the entry
payload was below the Wallops and Bermuda radar horizons. Table 3-1 lists the tra-

jectory related events which occurred in the flight test.

Table 3-1. Sequence of Trajectory Events
Launch data: 18 August 1964; Launch time: 06:05:51G.M.T.

™
Event Actual Time from First~-
Stage Ignition, sec

First-stage ignition ‘ 0.00
First movement 0.12
Second ignition 82.22
Second burnout 120.78
Third ignition ' 259.75
Third burnout 292.47
Spin-up 330.07
Fourth ignition : 335.97
Fourth burnout ; 359.65
Fifth ignition 361.32
Fifth burnout : 400,24
*VHF blackout i 429,
*C-band blackout i 433,
*Maximum aerodynamic heating ! 476,
*Maximum aerodynamic load i 487.
*VHF signal recovery i 490.
*VHF playback ends 552.
Impact 652,04

*Approximate time

A time history of radar range was extracted from the predicted trajectories and
is included as Fig. 3-1. An approximate time differentiation of range was performed

and range rate vs time is shown as Fig., 3-2. Fig. 3-3 shows the AZ vs EL radar
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coordinates as viewed from the Bermuda site. These data were extracted from the
preflight data as opposed to the actual data as it was felt that total time coverage
was of higher priority than the increased validity of the actual coordinate data.
The data shown is only for the Bermuda FPS-16., The Bermuda radar horizon and point
of closest passage are indicated to occur at 94 and 394 seconds elapsed time respec-
tively. The data terminate at end of boost (t =~ 400 sec) as the preflight problem
was ended here. Actual trajectory listings may be found in Appendix J.

2. RAM-C Mission

The shaped trajectory for the planned RAM-C mission is quite similar to the S-129

trajectory, especially as viewed from Bermuda. Significant differences are
(1) S-129 was a right-to-left pass, passing Bermuda on the south
while the proposed RAM-C trajectory is a left-to-right pass, pass-
ing Bermuda on the north.
(2) The RAM-C trajectory covers a somewhat decreased azimuth sector
as viewed from Bermuda. Also the maximum attained elevation angle is
decreased.

These differences are not felt to be significant in the sense

that observations based on the S-129 trajectory would not apply to
the RAM-C mission,

Significant parameters for the RAM-C mission have been reduced from the prelimi-
nary trajectory data supplied by LRC (Ref. [3] and [4]). Table 3-2 shows a chrono-
logical list of gignificant events through the trajectory. An Azimuth vs Elevation
plot as viewed from Bermuda is included as Fig. 3-4. Range and range rate vs time
as seen from a Bermuda located system are shown in Figs, 3-5 and 3-6. Significant
events have been included on Fig. 3-4 to indicate correlation with the mission
profile,.

Table 3-2. Sequence of Trajectory Events (RAM-C)

—— . rnes ey
Event Predicted Time from First
Stage Ignition, sec
| :
First Stage Ignition 0.00
1 First Stage Burnout - Second Stage
i Ignition 80.16
Q Second Stage Burnout 120.16 \
y Third Stage Ignition 268.16 e
i Third Stage Burnout 5 300.96
Fourth Stage Ignition ; 325.00
Fourth Stage Burnout 357.00 '
Spacecraft Separation 367.00
. VHF Blackout Begins 378.00 f
i VHF Blackout Ends 418.00 {
Data Playback Begins 468.00 i
Data Playback Ends 485,00 .

11~
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Fig. 3-5. Bermuda slant range vs. time for preliminary (shaped)
RAM-C trajectory.
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D. RADAR AND TELEMETRY PREDETECTION SIGNAL-TO-NOISE RATIOS

1. L-Band Radar

The measurements of the L-band radar cross section of the Scout missile with a
RAM payload are described in Appendix A. From these measurements and preliminary
trajectory data, the expected L-band predetection signal-to-noise ratio (SNR) as a
function of time during the RAM-C mission has been calculated as shown on the com-
puter printout of Fig. 3-7. The data are plotted vs time in Fig. 3-8.

These calculations give the ratio of signal power to noise power at the receiver
input during a pulse interval, and are obtained from the radar equation

2 .2
PT G™ A" o(t)

(6m)> R*(t) LKTB(NF)

SNR(t) = (3-1)
where PT is transmitted power, G is ground antenna gain, A is transmitted frequency,
L is the loss factor, K is Boltzman's constant, B is the receiver bandwidth, (NF) is
the receiver noise figure, T is 290°K, R(t) is the slant range, and g(t) is the radar
cross section time function. The system parameters used for the calculations are
shown on Figs. 3-7 and 3-8.

During the reentry period when ionization takes place, the calculations are not
valid as the wave return is not included in the calculations. Attempts to obtain
data on wake return were not successful.

The calculations indicate that for the major part of the time the missile is in
view at Bermuda, the predetection SNR will be below 0 db. The maximum value of 26 db
is reached at 391 seconds after liftoff, just prior to reentry. At 375 seconds, just
after fourth stage burnout, the SNR will reach 0 db for the first time.

2. X-Band Telemetry

The telemetry antenna patterns for the Scout missile were analyzed as discussed
in Appendix E. The pattern analysis and trajectory data have been used to generate
antenna gain vs time for the RAM-C trajectory. The telemetry gain patterns have
significant variations with roll, and the instantaneous gain in the direction of the
receiver is nearly impossible to predict. During payload spin-up, the effect of the
roll rate is to produce a 12 cps modulation on the signal amplitude. To account for
roll variations, three calculations of predetection signal-to-noise ratio have been
made corresponding to the maximum, minimum, and average gain over ome roll cycle at
a particular aspect angle. The pattern cuts were first smoothed by using the median
value over 18° intervals, so that the fine grain gain fluctuations do not appear in

the calculation.
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The values of maximum, minimum, and average predetection SNR for the RAM-C pre-
liminary trajectory are shown in Figs. 3-9 and 3-10. These calculations give the
SNR during a pulse interval, and are based on system parameters as shown in the
figures. '

The equation used for the calculations is

2
Pt Gr Gti(t) A

SNRi(t) = (3-2)

(4n)2 KTB(NF) Rz(t)L

where Gr is the receiver antenna gain, Gti(t) are the transmitter antenna gain time

functions as discussed above, and the other parameters are as defined previously.

Inspection of the curves indicates that telemetry SNR will be greater than 34 db
during the time the missile is in view from Bermuda. The calculations do not take
into account the effect of the ionization sheath during reentry, but do allow for a
3 db loss due to ablation of the teflon windows on the antennas at reentry.

Fig. 3-11 plots the normalized vertical and horizontal components of the E vec-
tor as seen at Bermuda for the RAM-C shaped trajectory. Polarization is horizontal
over the largest part of the mission.

3. Radar Cross-Section During Re-entry

During re-entry, the estimated radar cross section of the RAM-C payload will be
altered by the presence of a plasma sheath, The following sequence of events has
been suggested [13] for a monotonic descent trajectory:

(a) Plasma begins to form about payload during first contact with

atmosphere. The scattering characteristics of the vehicle will
not be affected at this phase.

(b) Plasma becomes more dense as the shock wave becomes more pronounced.

(c) Partial absorption of electromagnetic waves occurs as plasma gradient

is not yet fully formed. Double reflections from shock and body are
possible at this phase.

(d) Plasma shock gradient in stagnation region becomes sufficiently sharp

to reflect most of the incident energy.

(e) Reflecting area of shock and wake increases with increasing re-entry

deceleration of vehicle.

(f) When deceleration decreases in latter part of re-entry, plasma densi-

ty and reflectivity also decreases.
(g8) At the conclusion of re-entry, the sheath has disappeared and the radar

cross section is determined by the return from the charred capsule sur-

face.
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TELEME%HY

TEANS PWR L4063
ANT GAIN 55.0
EnEGUENCY Q210,90
DUTY CYCLE .0018

— PATH ATTIEN .18

_ IF RANDWIDTH 2.06000

— ROVRA wE+L 0SS 6.50
ANT TEMP 50.
IF NOQISE FPHK -105.4 .
TIME RANGE PEAK PwWR REC IF SNR (DB)

(SEC) (N MI1) (DBM) MAX AVR MIN

141. 554,86 65,3 40,0 38,8 37.7
151. 542,66 -65.3 40.0 38.8 37.9
161. 530,53 -65.3 40,0 38,9 38.0
171. 518.61 -65.5 39.8 38.8 38.2

. 181. 506.84 -65.7 39.6 38.4 37.2
191. 494.90 -66.0 39.3 38.0 36.4
201, 48B3,05 -(6.3 9.0 37.4 35.4
211. 471.32 -66.5 38.9 37.2 34.7
221. 459.54 ~66,.,60 38.8 37.1 34.6
231. 447.88 -66.7 38,7 J37.0 34.4
241. 435.85 -66.6 38,7 36,9 34.1
251. 423.93 -66.7 38.7 37.0 34.2
261, 412,38 ~66.5 38,8 37.0 34.3
271. 400,30 -66.1 39.3 37.5 34.7
291. 368.42 ~65.2 40.2 38.5 35.8
301. 345.16 =64.4 41.0 39,2 36.6__
311. 320.53 -63.6 41.8 40.0 37.5
$21. 296,13 -652.3 43,1  41.5 39.3
331. 271.52 -60.9 44,4 43,1 41.4
341, 243.01 -5%.,6 _45.8 44.8_ 43.5
351. 209.78 -57.4 48.0 46.9 46.1
361. 175.74 =54.6 50,7 49.2 _47.8
371. 142.560 -50.7 54.6 52.6 48.1
381, _114.11 ~47.6 57.8 55,6 49.0
391. 97.70 -45.8 59.5 56.5 51.8
ENTERED ARAL ATION LOSS OF -3.0 DB -
401. 100,75 -50.7 54,7 652.8 46.7
411. 116.13 -53.7 51.6_ 50.4 43.4
421. 130.10 -54.9 5.4 48.7 41.6
431, 135.04 =-55.,2 50.1 48.4 41.3
441. 136.66 -55.3 50.1 48.8 41.7

o 451. 137.39 -54.9 50.5 49.6 42.7
461. 137.71 -53.4 51.9 49.9 43.9
471. 137.93 ~52.3 53.0 50.3 44.8
481. 137.97 -51.9 53.4 50.7 45.2
491. 137.98 -51.4 53.9 50.8 45.5
501. 137.99 -51.5 53.8 50.7 45.5

Fig. 3-9. Telemetry predetection signal-to-noise ratio - RAM-C

preliminary trajectory.
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The foregoing phases, although certain to occur during the RAM-C mission, are
difficult to evaluate on a quantitative basis. A vast quantity of theory exists as
to the scattering from a plasma trail of known physiological characteristics [14,15].
However, it appears impractical to estimate these characteristics a-priori for the
RAM-C mission.

In addition little or no empirical data exist regarding the return from electron
gradients. During a brief survey it was estimated that the skin return from a vehi-
cle may be enhanced by as much as 10-30 db over a certain portion of the re-entry
phase.

It is thus impractical to obtain either an estimate of the exact return or of
the exact times of occurrence of this return within the confines of this study. For

this reason, the effect of re-entry ionization has been omitted from analysis.

E. CONDITIONAL DETECTION PROBABILITIES

1, Definition

The conditional detection probability as calculated in this section gives a mea-
sure of the chance of determining if the signal is present or not, conditional on the
event that the.target is in the antenna beam at known range and frequency.

A threshold type of decision element is assumed, and it is commonly assumed that
a human operator viewing an oscilloscope displaying the signal approximates this type
of element. The integration time associated with an A-scope presentation with good
range resolution has been estimated as .l sec, corresponding to 30 pulses integrated
at a prf of 300.

For the telemetry case, consideration must be given to the fact that the arrival
time of a pulse is not known; hence, video integration in the usual sense by an
oscilloscope is not possible until sufficient signal is developed to permit scope
synchronization. The approximate prf is known, however, and an oscilloscope may be
set to be in approximate synchronization with the prf such that an imperfect form of
video integration may be achieved.

For the telemetry AGC as a detector, the threshold is sharp due to the nature of
the receiver circuits. Using AGC detection, the detection probability is essentially
unity for signals at the receiver input of =95 dbm, and zero for signals smaller than
this. The signal level corresponds to a predetection SNR of 10 db.

It is important to differentiate between the detection probability and the pro-
bability of acquiring and tracking the target; this latter probability takes into
account uncertainties in frequency, angle and range, and is considered in Section

ITI-G.
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The single look probability of detection for a fluctuating signal has been cal-
culated for the proposed RAM-C mission. The single look probability is calculated

as described in Appendix F and is given by

P~ exp[-

D (3-3)

SNR
where §D is the average probability of detection on a single look for a fading sig-
nal and SNR is the predetection signal-to-noise ratio, and K is a function of false
alarm time and number of pulses integrated.

The computation has been performed for three radar configurations and a single

telemetry case as shown in Table 3-3,

Table 3-3. Parameters for Detection Probability Calculation

Parameter Tﬁ‘.n.tkadar Telgégérfd-—
| e e e s e e :

Transmitted power é MW 400 W

(peak) 1
Antenna Gain j 36.5 db ; 55 db
Repetition Rate , 625 PPS j 1800 PPS .
Noise Figure ; 8 db ; 5 db
Pulses Integrated ' 30, 100, 300 30 (effective)
Frequency | 1300 MC é 9210 MC
Antenna Temp 75° ¢ ? 50°c |
Bandwidth .5 MC ; 2 Mc
Losses ‘ 2 db % 1.2 ddb

The empirical radar cross section and telemetry vehicle antenna gain time his-
tories have been used. These histories are shown in Appendix J. The time histories
of detection probability thus generated are plotted in Fig. 3-12.

The data indicates that a 90 per cent probability of detection occurs at t = 388
sec for a total integration time corresponding to 30 pulses. At this time, the
vehicle is very close to Bermuda passage (occurs at approx. t = 398 sec) such that it
is doubtful that this configuration would be useful for initial acquisition. An in-
crease in integration time does not appear to provide a significant improvement in
the sense of an early detection. It should be cautioned, however, that the probabil-
ity now discussed is conditional on the fact of beam contaimment and further does not
include the effects of multiple looks. It does, however, point out the desirability

of initial acquisition with the telemetry system.
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F., VOLUMETRIC UNCERTAINTIES

1. Definition

For acquisition probability calculations, it is necessary to estimate the pro-
bability densities that will permit calculation of the probability that the target
is within defined bounds on frequency, range, and both angular coordinates. These
bounds define a four dimensional volume, and from an error analysis of the system it
is possible to estimate a four dimensional probability density that specifies the
volumetric uncertainty. The theory of errors indicates that the desired density
function can be approximated by a multivariate normal density, defined by means and
variances in each coordinate and by correlation coefficients between each pair of
coordinates.

For the case under consideration, correlation between coordinates is assumed
zero, and it is only necessary to estimate mean values and variances or rms deviations
in each coordinate independently. The calculations are further simplified for the
telemetry case, since range uncertainties need not be considered,

2. Frequency Uncertainties

The transmitted energy in both the case of radar and telemetry is spread over a
relatively wide bandwidth due to the pulsed operation. This bandwidth is given
roughly by the reciprocal of the pulse width and is .5 mc for the radar and 1 mc for
the telemetry. Doppler frequency shifts during the RAM trajectory will have values
as shown in Fig. 3-13, reaching +55 Kc for the radar and +192 Kc for telemetry; in
both cases less than 20 per cent of the energy spread.

For the radar, the transmitted frequency is known precisely and if adjustments
are made in receiver center frequency in accordance with pre-flight information as in
Fig. 3-14, signal degradation due to frequency uncertainty can be considered negligi-
ble with a receiver bandwidth of .5 Mc.

For the telemetry case, an uncertainty as to transmitted frequency must be con-
sidered. It is suggested that preflight checks be conducted to reduce this uncertainty
to less than +.5 Mc. With transmitted frequency known to this precision, and with a
receiver bandwidth of 2 Mc, no frequency search will be required. The predetection
SNR calculations have been based on this value of receiver bandwidth.

Under the conditions as discussed above, frequency uncertainty will be negligible
for both radar and telemetry, and need not be considered as contributing to the over-
all volumetric uncertainty.

3. Angular Uncertainties

The analysis and estimation of angular errors is described in detail in Appendix C.

This analysis assumes that antenna and servo system specifications are met. The
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errors are divided into two broad classes as to source; pointing errors (attributable
to the Langley system) and designation errors. The analysis indicates that with
proper choice of servo bandwidth, the first class of error is small in comparison with
the estimated designation errors over that part of the trajectory where acquisition
should take place.

Pointing Errors

Fig. 3-15 shows the major systematic pointing errors in the azimuth coordinate
as a function of time for the RAM~C preliminary trajectory. For the antenna location
as now planned, the parallax error and servo lag error add directly, and both reach
a maximum value at approximately the same time during the planned mission. At maxi-
mum servo bandwidth, the total error can be held to less than .1°. Systematic errors
is elevation are negligible for servo bandwidths greater than .5 cps.

The estimated random errors attributable to the Langley system are shown in
Fig. 3-16. For normal environmental conditions, these errors are small compared to
the X-band beamwidth.

Designation Errors

Sources of designation data include the Bermuda acquisition bus and the preflight
trajectory data. The acquisition bus uses preflight data prior to achieving track
with either a quad helix VHF Acquisition Aid or the FPS-16 or Verlort radar.

Errors in designation of the system while slaved to the acquisition bus, and
when a tracking source is on the bus, are discussed in Appendix I. Based ondata as
discussed in this appendix, the designation accuracy for the various sources is
eéstimated as shown in Table 3-4.°

Table 3-4. Estimated Designation Accuracy for Tracking
Sources on Bermuda Acquisition Bus.

Condition Accuracy (degrees rms)
} Slaving Tracking Total rms
Acquisition Aid on bus
Elevation
Below 10° unreliable tracking
Between 10° and 15° .19 .5 .535
Greater than 15° .19 .25 .314
Azimuth .12 .25 277
FPS-16 on bus
Elevation .19 <.01 .190
Azimuth .12 <.01 . 120
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The other possible source of designation data is the preflight trajectory print-
out, and this information may be used to manually or automatically point the antenna
continuously during the mission or used to preset a bank of synchros to provide a set
of fixed designate points. The Bermuda bus, of course, uses preflight data prior to
acquisition by the Acquisition Aid or one of the radars. It is important, therefore,
to estimate the precision with which designation can be accomplished using preflight
data.

To provide this estimate, it would be desirable to examine the history of a large
number of nearly identical trajectories, and to compare the best estimate of the
actual trajectories with the preflight trajectories. This large sample is not avail-
able, hence Scout shots $S-129 and S-130 are used to obtain an estimate of the error
between preflight and the most probable actual trajectory. Figs. 3-17 and 3-18 show
the comparison between the Bermuda FPS-16 radar and LTV preflight trajectories, for
the initial parts of the trajectories.

The elevation and azimuth errors between the preflight and the FPS-16 track are
shown in Figs. 3-19 and 3-20. These plots also indicate the periods of time during
the mission that the FPS-16 was tracking and providing valid data.

The FPS-16 data is considered as representing (with small error) the actual
track of the missile, To confirm this assumption, the Wallops FPQ-6 radar data and
Bermuda FPS-16 data were compared and found to be in relatively good agreement over
the portions of trajectory where both radars tracked simultaneously. Fig. 3-21

shows this comparison for the S$-129 trajectory over the period 200-250 seconds, dur-

Inspection of the differences between the preflight data and estimated actual
track as indicated by the radars indicates that, as would be expected, preflight
data is relatively useless for designation in the high angular rate portiomns of the
trajectory. For the initial part of the trajectory, as the target appears on the
Bermuda horizon, the accuracy can be estimated from the two trajectories studied.

The S-130 trajectory does mot compare favorably with the planned RAM-C trajectory
due to the greater deviations in Bermuda azimuth below 10° elevation angle, hence it
is felt that the large azimuth error after 250 seconds is not representative of the
error to be expected in the planned mission. Utilizing the data prior to 250 seconds
for both trajectories gives estimates for accuracy in designation, using preflight
data, as shown in Table 3-5,

At low elevation angles, atmospheric beam bending becomes an important considera-
tion. The average values of beam bending for the RAM-C planned trajectory have been

calculated as shown in Fig. 3-22, using the CRPL exponential reference atmosphere,
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Table 3-5, Estimated Designation Accuracy Using
Preflight Data - RAM-C Mission.

j Condition Estimated Accuracy (deg rms)

§ rre e ok A St e s sk oo .. e .
i Elevation angles at initial i
part of trajectory (below !

- 159)

: Elevation .60
% Azimuth .74
!

It is assumed that compensation for beam bending will be used in designation at low
elevation using preflight data, however, refractivity variations introduce an uncer-
tainty in the corrections of roughly 5% rms. At local elevation angles of 20, this
amounts to only .02° rms uncertainty, and is negligible,

Another source for estimation of the preflight designation accuracy is the LTV
mission accuracy analysis, For the planned RAM-C shaped trajectory, the two sigma
deviations over the complete trajectory were not available, however, the two sigma
deviations at fourth stage burnout are quoted as +40,000 ft in altitude. From
Bermuda, this corresponds to an elevation angle uncertainty of about .9° ms at an
elevation angle of 22° and at 357 seconds after liftoff. This appears compatible
with the estimates obtained above for lower elevation angles,

4. Range Uncertainties

Range information may be obtained from either preflight data or from another
radar when the latter is tracking. Range accuracy for the FPS-16 radar is specified
as ten yards rms with high SNR,

The range uncertainty using preflight data can be estimated from missions S-129
and S-130, assuming that radar track provided the actual range with small error.

The slant range at which range uncertainty is of most interest is about 150 m.miles
from Bermuda; this is the range at which radar detection probability becomes signifi-

cant.

From the two missions studied, the range uncertainty using range vs time from

liftoff preflight data is estimated as 1l n.mi rms at 150 n.mi slant range. If
actual angular information is used instead of range vs time from the preflight, this

uncertainty can be reduced considerably.

G, PROBABILITY OF TARGET ACQUISITION

1. General

The instantaneous probability of acquisition is usually defined as the average
probability of detection given the target is in a specified volume times the




probability that the target is in the volume. This probability then gives a mea-
sure of performance that is useful for determining search processes.

The acquisition probability as defined above does not include any consideration
of the transition from target acquisition by a threshold detector to the automatic
tracking mode. In determining system operatiomal procedures for the Langley system,
the achievement of automatic track is, of course, the desired goal. The sequence of
events that must occur to reach the autotrack mode is shown in diagramatic form
in Fig. 3-23. 1In this diagram, the acquisition probability can be interpreted as

the probability of a "YES" from the target detected logic element.

The approach that is followed in this section is to estimate the acquisition
probabilities for both the telemetry and radar under various conditions, and then
to consider the problem of achieving the autotrack mode by examination of the remain-
ing events that must occur.

2. X-Band Telemetry

Detection probabilities for the target in the main lobe of the X-band telemetry
antenna are high (= 1) during the RAM-C trajectory. The angular uncertainties,
therefore, become the most important consideration.

The approximate sum pattern gain characteristics of the 30' antenna at X-band
are shown in Fig. 3-24. This pattern has been estimated from both theoretical

considerations and the AGAC proposal document. The main lobe 3 db beamwidth is

LOT

Gains Referred to 8 -t
Peak Gain = 0 db

.8
Degrees

1.0

N Ny \<\$\(

lst Sldelobe
~
S

Fig. 3-24, Approximate sum pattern gain contours - X-band 30' antenna.
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about .250, and the 20 db beamwidth is estimated as .50. Langley specifications

require unambiguous angle acquisition over a range of 1.130. Note that the antenna
is expected to have a gain of greater than 25 db over an angular region of 1° diam-
eter, except, of course, for the null regions. When the antenna becomes available,

this estimated pattern can be verified.

The probabilities of the target lying within a given angular region have been
calculated by a computational routine as shown in Fig. 3-25. This routine takes into
account the various angular uncertainties (described in Appendix C and D and Section
ITI-F.) and calculates the probabilities in accordance with the models described in
Appendix B.

The results of the calculation for angular diameters of .250, .50, and 1° are
shown in Fig. 3-26. In this figure, it is assumed that preflight data is used prior
to 10° elevation angle, and then designation data from the quad helix acquisition
aid is used. The discontinuities arise from the Acquisition Aid designation accuracy
as given in Table 3-5. This source of error is larger by far than any others con-
sidered, at servo bandwidths of 2.5 cps.

When the FPS-16 is providing designation data the probabilities are as shown in
Fig. 3-27, for angular diameters of .250, .So, and 1°.

Since the probability of detection when the target is in the main lobe is essen-
tially unity, the curves with angular diameter of .25 may be interpreted as giving
the probability of detecting the target in the acquisition beamwidth with no scanning.
This probability is small for both the Acquisition Aid and FPS-16 cases.

When consideration is given to the possibility of detecting the target within
the 20 db beamwidth, the curves of .5° angular diameter are applicable. Subtraction
of 20 db from the curve of predetection SNR (Fig. 3-10) indicates a minimum single
pulse SNR of 14.1 db, providing a detection probability of at least .96.

There is also a relatively high detection probability in the first order side-
lobes, indicating that these may be useful for assisting in target acquisition., At
the 30 db contour, the minimum predetection SNR expected is 4.1 db, corresponding
to a single pulse probability of detection of about .67. This SNR level will not
activate the receiver AGC circuit, but the signal should be visible on an oscillo-
scope.

It is possible to calculate a composite acquisition probability by weighing
each area probability element by the probability of detection given the target is
in that element; however, it is felt that because of the high detection probabili-
ties over the entire 1° width, the composite probability will not be significantly
different than that calculated assuming unity detection probability over the entire

-36~



‘uo18s1 iein8ue ufl 3331e3 Jo L3171qeqoid Iojy 2urinol uor3zeIndwo) °¢z-¢ ‘814

Aq

)

XITTTqeqoxd
1e30l
ajeInoied

3

£31179Rq01d
ajeinoied

) T

CERY]
n<r ﬂmz u<b Amb
sueay $30UBTJABA
ajelnaied 33eINd1B)
T ¥ 7
\y
xelleaed aoaag odoal 101137 0Al13§
23eInoied aje[noie)d a3eInoied
K £ ¥
N
(12 “zv)
si01aq Butjurod paxXid
(yanwrzy
‘aoue3sig) °‘p1v °'bov o3 wopuey 2
14 zy

3ATIRI3Y ‘3uy JO uoliedo]
*3su0) £371AT3ioRayay odoal
*318U0) °19A OAlag

paay ielnduy

Sisjowmeaed Jnday

13 2y a8uey

14 2V SwTlL

eieq ‘lTeal Indul

wopuey 13

=37~




lar vewpio

in Angp

Iarget

of

Plit s

[

wmgalar Region

Target in

ol

U'robability

Preflight Data

Source of Designation Data

| Quad Helix Acquisition Aid

Dia. of Region

s

L 4 Servo BW = 2.5 cps N
I P \
! \
4 \
- P
{
|
Bermuda Horizon '
—— ' °
Dia. of Region .5
v ) p Y
¥, ’I Servo BW = 2.5 cps \
—t \
/ \
TDia. of Region /_Servo BW = 2.5 cps
[ 4 - ‘\
’___I Servo BW = .1 cps——-’\\ —_—
I I ol s \?, I
150 200 250 400 450
Time After Liftoff - Secs
Fig. 3-26. Probability of target im angular region specified - RAM-C trajectory.
Angular Dia = 1.00 2.5 cps
f‘ Angular Dia = .5° = 2.5 cps
Angular Dia = .25° 2.5 cps‘
Servo BW = ,1 cps Servo BW = .5 cps
s L e \ J -
150 200 250 400 450

Fig. 3-27. Probability of target in angular region specified with FPS-16 providing designation data --
RAM-C preliminary trajectorv.

-38-




1° diameter. The acquisition probabilities as calculated indicate the desirability

of a scan mode, particularly in the time period prior to 290 secs. . )
The acquisition probabilities are significantly higher during periods when the

FPS-16 is tracking. The times that this radar will track are unknown, and judging

from performance on $-129, it appears desirable to have the capability to achieve

acquisition and autotrack with errors as expected from the preflight data and Acqui-

sition Aid.
The rectangular angular coverage (about the continuous designation points)

required to assure high probability of the target being contained in the area has

been calculated for various RAM-C mission time segments as shown in Table 3-6.

Table 3-6. Estimated angular coverage around the designate
point required for specified probability of target in area;

RAM-C mission,

[ Time Designation Source Area Probability of
(Secs after Target in Area
Liftoff) A Az x AE1
_140 - 230 Preflight Data 3.38° x 2.68° .95
230 - 280 AA on bus 1.25% x 2.39° .95
280 - 420 AA on bus 1.25°% x 1.41° .95 ,
- FPS-16 on bus .57 x .87° .95
140 - 230 Preflight Data 4.24° x 3.45° .99
230 - 280 AA on bus 1.61° x 3.08° .99
280 - 420 AA on bus 1.61° x 1.82° .99
FPS-16 on bus .73 x 1.12° .99

Scan Requirements

The mechanical limitations on scanning times for various types of scan have been
considered in Appendix G. Other considerations affecting the choice of scan include

the times that the target will remain within the detection beamwidth, and the

method used in making the transition from a search mode to the autotrack mode. For
example, in using slow scans, the target may remain within the acquisition beamwidth

for a sufficient time to enable the operator to inspect the error signals and close




the tracking loops. For somewhat faster scans, the scan must be stopped or switched
to a manual mode while the operator assures himself that the target is in the main
lobe and that sufficient SNR exists for reliable tracking.

Calculations of scan amplitudes and times required to complete one scan have
been made as shown in Table 3-7, for various conditions. The area coverage and
source of designate data correspond to that of Table 3-7 for the 95% probability
case. These calculations are intended to show the order of magnitude of the times
required under various conditions, and to assist in selecting scan parameters.

Inspection of the different cases for the time period during which preflight data
designation is assumed (140-230 secs) indicates that several cases are clearly not
feasible; and it appears that for reasonable acquisition times, reliance must be
placed on detecting the target in either the mainlobe or the first order sidelobes,
then switching to a manual scan about the designation points to bring the target
within the acquisition beamwidth. In order to provide an average dwell time in the
main lobe and 1lst order sidelobes sufficient to stop the scan and switch to manual,
a scan at least as slow as that given in condition F. (140-230 sec time period)
appears desirable.

For those times when the Acquisition Aid is providing data, the scan requirements
are less severe, and a simple circular scan as in F (or slower) for the 230-280 sec
time period should suffice for target detection.

Scan requirements when the FPS-16 is on the bus are minor, and a slight manual
scan about the designation points should easily bring the target within the acquisi~
tion beamwidth.

One factor that has not been considered above is the possibility of fast jitter
(noise) in the designation data. The above scan considerations assume that the
designate source provides smooth tracking at the average velocity of the target,
and hence, relative motion of the target with respect to the designated position is
small,

The designation data obtained in the dynamic test at Bermuda contained jitter
that averaged about .1° mms in azimuth and .05° rms in elevation (see Figs. D-5 and
D-6, Appendix D), and had an apparent correlation time of about 2 seconds. It is
uncertain whether this jitter originated in the digital readout and/or FPS-16 servo,
or whether it was present on the input to the FPS-16 servo.

Probability of X-Band Acquisition at A Fixed Designate Point

The previous calculations have considered the uncertainty about continuous desig-

nation points. Another technique useful for initial acquisition involves holding

the antenna stationary at a fixed elevation angle, and waiting until the target appears
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Table 3-7. Scan amplitudes about designate points

and times required to cover area.

Approx. Average
Fime After Littoff condition Type of Scan Coordinate Eqs. Frame Time Dwell Time
RAM-U Mission (degrees) (secs) (secs)
\1»0-:1(L (A) Target appears(within 3db Lissajous Raster A6 = 1.5 sin 15 m t 24,0 .10
— - beamvidth (.25°) at least (Max. Rate) §
(Preflight Data once with ,95 probability, Ap = 1.2 sinw_t
Mosignat ion) 8
my = .13 rps
¥
1.0-230 (B) Average time in 3db beam- Lissajous Raster Av = 1,5 sin 15w € 240.0 1.00
width is one second with s
.95 probability of target ANp = 1,2 sin oot
in area scanned. $
mg = .013 rps
1-0-230 (CY Target appears within 20db Lissajous Raster A= 1.4 sin 7 o t 11.0 .22
beamwidth (.57) at least (Max. Rate) 8
once with (95 probability. Ap = 1.1 sinw t
s
my = .29 rps
1-0-230 (M) Average time in 20db beam- Lissajous Raster A= 1,4 8in 7w t 50.0 1.00
width is one second with s
.95 probabilitv of target Ap = 1.1 sin o t
in area scanned. 8
» = ,063 rps
1-0~230 (EY Target appears in area Lissajous Raster A6 = 1.2 sin 2. ¢t 2.9 47
including lst order side- (Max. Rate) s
lobes (1) at least once Ap = .9 sin ot
with .95 probability. s
v = 1.1 rps
1-0-230 (F) Target appears in area in- Lissajous Raster A& = 1,2 sin 2u t 6.1 1.0
cluding lst order sidelobes s
for average time of one W= L9 sin ot
second with .95 probability s
of target in area scanned. S .52 rps
23 ' (A)  (See Above) Lissajous Raster A8 = 5 sin ot 11.6 16
(Max. Rate)
tAA Designation) Ap = 1.1 sin 6 2t
o= .27 rps
s
9
13- lEn (B) Lissajous Raster A = 5 sin ot 71.2 1.00
N = 1.1 sin 6 t
§ = .044 rps
23 a8 (C) Lissajous Raster A¢ = L4 sin ot 3.6 .36
(Max, Rate) s
Ap = 1,0 cos 2 sst
g = .86 rps
. 0
EEREE Y () Lissajous Raster N8 = L4 sin ot 10.0 Lo
M = 1.0 cos 2 t
. o= 4
g .314 rps
: 58
st (E) Circular A= L4 osin ot 2.3
(Max. Rate)
= .4 cos st
o T 2,70 rps

T

frame

e 1l time in average time rarget is in

= ¢levation scan

about continuous
designation data

Sere Apnendiy for drrivations of frame and dwell times.
time for raster is for one coverage of area,.
o= azimuth scan

specified beamwidth
“41-




Table 3-7, Scan amplitudes about designate points and
times required to cover area. (Continued)
Approx. Average
Time After Liftoff Condition Type of Scan Coordinate Egs. Dwell Time
RAM-C Mission (degrees) (secs)
230-280 (F) Circular AB = .4 sin mst 1.00
Np = .4 cos wst
= 1.57
Wy 1.57 rps
.280-420 (4) Lissajous Raster ag = .5 sin ot .22
(Max. Rate)
(AA Designation) Ap= .6 sin 6 w t
v wg = .37 rps
280-420 (B) Lissajous Raster Af = .5 sin mst 1.0
Ap = .6 gin 6 w_t
wg = .08 rps
280-420 (C) Lissajous Raster A8 = 4 gin mst .52
(Max. Rate)
Np = .5 8in 2 Wt
wg = 1.2 rps
280-420 (D) Lissajous Raster A6 = .4 gin mst 1.0
Np = .5 8in 2 u)st
wg = .63 rps
280-420 (E) Circular A8 = .2 gin w t L40
(Max., Rate)
Np = .2 cos xst
we = 3.90 rps
280-420 (F) Circular A8 = .2 gin mst 1.0
Np = .2 cos :»st
Wy = 1.57 rps
(FPS-16 (A) Lissajous Raster A= .2 sin w t .33
Designation) (Max. Rate) s
¢ Ap = .3 8in 2 wst
\ w = 1.6 rps
8
(FP5-16 (B) Lissajous Raster A6 = .2 sin o t 1.0
Designation) y
** Ap= .3 sin 2 ot
we = 1.0 rps
(C) or (D) Sector Ap = .2 sin w t 1.5
woo= 3.85 rps
(E) No Scan Required
(F) No Scan Required
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in the beam. The acquisition probabilities are modified by the fact that it is a
certainty that the trajectory crosses the fixed elevation angle, and azimuth uncer-
tainties are all that need be considered.

At a fixed elevation and azimuth angle set by preflight data, (of value on the
order of 50 in elevation), the probability that the target will appear in various
beamwidths is given in Table 3-8. Also in this table are listed the maximum and

average dwell times in the beamwidths specified, for the RAM-C preliminary trajectory.

Table 3-8, Probabilities and time in beam at fixed designate
point at low elevation angle (~ 5°); RAM-C mission.

Prob., of Target Appearing Max Dwell Approx. Avr.
Beamwidth in Beam Specified Time (Secs) Dwell Time
i (Secs.)
.25% (3 db) 14 2.5 2.0
.50° (20 db) .26 5.0 3.9
1.0° (includes lst .50 10.0 7.8 (
order sidelobes) é

Thus, by using preflight data to set the antemna at a low elevation angle,
there is about a 507 chance that the target will be detected in the main lobe or
first order sidelobes. The dwell times are relatively long, and it should be possi-
ble for a skilled operator to switch to manual track and eventually achieve the
autotrack mode.

3. L-Band Radar

At L-band, the 3 db beamwidth of the 30 ft antenna is expected to be 20, hence
angular uncertainties are not as important in acquisition probability calculations
as in the X-band case. Radar detection is not at all probable before 300 seconds
after liftoff (for the RAM-C preliminary trajectory), and at this time it is reason-
able to assume that either the X-band system, Acquisition Aid, or FPS-16 radar have
achieved autotrack and are providing designation data. When any of these systems
are tracking, the probability of the target being within the 3 db antenna beamwidth
is .99.

Thus, the acquisition probability for the radar will be essentially the same as
the conditional detection probability considered previously in Section III-E., except
that the calculations should be refined by considering the actual detection technique

to be used, and the uncertainties in target range.
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Because of rapid target motion in range, it will not, in general, be possible
to achieve the estimated .1 second effective integration that an A-scope has been
found to approximate, The maximum number of pulses available for scope integration

has been derived and can be related to the range rate by

ktf

1<n< . 1f (3-4)

2R

where n is the number of pulses integrated, v is the pulse width, R is the range
rate in secs/sec, fr is the prf, and k is a constant near unity, depending on the
range displayed and scope resolution. A value of k = 1 gives little error. '"n"
has been calculated for the RAM-C trajectory and a prf of 520 pps and is plotted in
Fig. 3-28.

By utilizing the number of pulses calculated above, the scope integration gain
is calculated as shown in Fig. 3-28, for the mission time period of interest. From
the integrated SNR, the probability of acquisition (in this case, the approximate
instantaneous probability of seeing the target once on the A-scope) is calculated
as shown in Fig., 3-29, for a fluctuating target. A .9 acquisition probability is
not achieved prior to VHF blackout.

Transition from Radar Detection to Tracking

To permit automatic angle track at predetection SNR's below 10 db, range track=-

ing, either manual or automatic, must be achieved prior to angular acquisition. If

.1 . P 2 2y . R el mm -
tne range gale wldlLia €xXceeds ta puLSE w

(1]

integration gain calculations must be decreased by the ratio of gate width to pulse
width. The maximum two-way range rate for the RAM-C mission is expected to be

42 ysec/sec at 360 seconds after liftoff. For a first order range servo, the effec-
tive integration time will be on the order of .005 secs, corresponding to about

2.5 pulses integrated at a prf of 500. Thus, automatic range tracking, if used,
must be essentially accomplished on a single pulse basis, and the predetection SNR
required will be at least +6 to 10 db.

Manual range tracking may be used by positioning the gate on the A-scope return.
Another alternmative would be to set the gate width to accommodate ranges from 150 to
80 n.mi; to do this, the gate width must be 860 psec. A gate this wide will reduce
the averaged predetection SNR by 26 db, for a 2;sec pulse.

For manual tracking by a skilled operator, a gate of roughly twice the pulse
width can be maintained on the signal. At the rates required for RAM-C, the opera-
tor will have to have considerable practice, and velocity aided range tracking 3 db

21y
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Once range tracking is accomplished by the manual technique as above, or by
automatic circuitry, the acquisition in angular coordinates may commence., To avoid
degradation of the X-band system, the azimuth angle tracking servo bandwidth should

at least 1 cps during Bermuda passage; this bandwidth gives a maximum lag error of

.04°,

The servo bandwidth is reduced at low predetection signal-to-noise ratios in a
properly adjusted system by the factor SNR/(l + SNR), therefore, to prevent the
servo lag error from becoming excessive at low values of SNR, the loop bandwidth at
high SNR should be set near maximum (2.5 cps).

For a ratio of prf to servo bandwidth of 520/2.5 = 208, track will not be main-
tained at a predetection SNR of less than approximately =7 db [2]. At this SNR, the
servo bandwidth would be reduced to about .35 cps. The degradation assumed for im-
perfect range tracking indicates that the SNR on a single pulse basis must be at
least -4 db to have any possibility of achieving autotrack.

We can then conclude that for the planned RAM-C mission, and for the estimated
signal-to-noise ratios as calculated, autotrack will not be achieved prior to 370
seconds after liftoff., During re-entry, sufficient signal enhancement may occur to
obtain and maintain track. If careful range gating is not used, however, track
cannot be achieved at all during the mission except possibly during enhancement at
re-entry. To achieve track at 370 to 380 seconds, care must be taken to assure that
the system performs as theory would indicate, and radar operators should be given
practice in range tracking weak signals during simulated missions.

In summary, the best technique for achieving acquisition and autotrack with the
X-band system would appear to be as follows:

1. Set antenna at elevation and angle of about 3° - 5° corresponding

azimuth angle given by preflight data, and await arrival of target.
If detection occurs, switch to a manual scan and attempt to achieve
autotrack., If the target is not seen by 10 seconds after the time

corresponding to the designate point; then,

2. Switch to the acquisition bus and start a slow raster scan about the

designation data of amplitude as given in Table 3-6, observing the
video signal amplitude on an oscilloscope sweeping approximately in
synchronization with the prf. As the signal is detected, stop the
auto scan and switch to a manual scan about the designation data, and
attempt to achieve autotrack.

3. When the FPS-16 acquires, use a slow circular manual scan about the

designate points to achieve autotrack.
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4. To assist in bringing the target within the acquisition beamwidth
after detection, it is desirable to provide visual displays with
detected signal amplitude (non-AGC controlled) on the vertical axis
and scan displacement on the horizontal axis, with a display for

each coordinate.

H. SUMMARY AND CONCLUSIONS

The studies of detection and acquisition probabilities have indicated that detec-
tion probabilities for the X~band telemetry are eseentially unity for the target in
the main lobe and first order sidelobes. The detection probabilities for the L-band
radar, with a configuration as now planned, are small except during the re-entry
period when the ionization wake ﬁay provide an uncertain amount of signal enhancement.

Acquisition probability for the X-band system has been evaluated for several
cases, depending upon the beamwidth considered. The probabilities using no scan, and
assuming the most probable designation sources, are relatively small until the
Bermuda FPS~-16 acquires the target. To achieve acquisition at elevation angles
below 150, it is desirable to have capability of automatically scanning the antenna
slowly about the continuous designate points. The scan should provide area coverage
as indicated for various mission times in Table 3-6. To achieve the area coverage
in a reasonable time, within the limitations of the drive system, it is suggested
that reliance be placed on detection in the first order sidelobes, as well as the
main lobe, and dependance placed upon operator skill to manually achieve autotrack
after signal detection. To aid in accomplishing this latter task, additional equip-~
ment, such as oscilloscopes displaying detected video amplitude vs scan displacement,
are desirable.

The achievement of the autotrack mode by the radar prior to re-entry is very
improbable. 1If considerable signal enhancement occurs during re-entry, and if manual
range gating is skillfully accomplished, autotrack is possible prior to X-band black-
out. To assure the success of achieving autotrack during re-entry, care should be
taken to see that the radar perforﬁs as theory predicts, and this fact confirmed by

extensive tests.
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IV. RADIO FREQUENCY INTERFERENCE STUDIES

A, SYSTEM DESCRIPTION

The combination radar and telemetry system uses a single 30 foot diameter,
cassegrainian reflector antenna. A monopulse feed and hybrid system yields sum,
azimuth difference, and elevation difference signals simultaneously for horizontal
and vertical polarizations at X-band (or S-band). 1In addition, a similar system for
vertical polarization at L-band is provided. The X-band (or S-band) unit passively
receives telemetry signals while the L-band unit is used for active (radar) track-
ing.

Mounted on the antenna pedestal are filters, amplifiers, local oscillator
multipliers, and mixers as required to derive the first-intermediate-frequency
outputs of the radar and telemetry channels. An L-band duplexer for radar operation
is also present. The remaining primary units are normally located in separate vans
for radar and telemetry. 1In the automatic tracking mode, error signals are returned

to the antenna drive servo system.

B. TELEMETRY RECEIVER CHARACTERISTICS
A block diagram for the telemetry receiver is shown in Fig. 4-1%, The progress-
ive change in gain and bandwidth between the input and the second IF amplifier out-
puts is shown pictorially in Fig. 4-2. Curves in this figure are the (amplitude)
transfer functions between the receiver input and given points. Gain is seen to
increase accordingly as the passband is reduced in width from 40 MHz to 10 MHz and
heterodyned from 9.21 GHz to 115 MHz to 30 MHz. Filters with selectable bandwidths
follow the second IF amplifiers in the normal sum and differemnce channels as shown
in Fig. 4-1. The filter gains are intended to provide a constant power gain-band-
width product of 100 MHz. Polarization detection channels are essentially the same
as the others except the second IF is 60 MHz rather than 30 MHz and no bandwidth
selection is permitted.
The maximum allowable input power is 50 mw (CW); higher levels may damage the
tunnel diode amplifiers. Other maxima listed for the TDA's in the Brown manual are
0.1 erg spike leakage (1 nanosecond pulse)
0.2 erg spike leakage (25 nanosecond pulse)
Extrapolation of these maximum values indicates that the CW restriction should apply
to all pulses of length greater than about 0.1 microseconds. Much before this level

is reached, however, signal compression will occur. The level at which 1 db

*Fig. 4-1 is a copy of Fig. 3, p. 2-4, Maintenance and Operation Manual for X-
band Monopulse Trackimg Receiver, Brown Engineering Company, Inc., June 1965. Other
information in this section is from the same source.
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compression occurs is -38.5 dbm, which is about 10-4 milliwatts. The mixer pre-
amplifier has a saturation characteristic in agreement with the TDA's, )

The remaining components are protected from excessive signal levels by AGC
action, If AGC fails to develop, however, saturation is likely to occur at input
signal levels as low as -85 dbm (peak power in the case of pulses). This satura-
tion level, which was observed experimentally, appears to be caused by the second
IF amplifier or voltage-controlled attenuator.

AGC voltage is developed by amplitude detection of the sum signal envelope. The

detected signal passes through a low pass filter having a break point at approximately
350 cps. An imperfect integrator follows with a time constant of 1.83 seconds,
which corresponds toan 8.7 Hz bandwidth, The effective open loop time constant of
the circuit developing AGC voltage, therefore, is essentially 1.83 seconds. The
effect of this time constant in the overall AGC loop is discussed in Section V-C.
Modifications for pulse operation are described in Section V-B.

AFC voltage is developed by amplifying and limiting the sum signal and then
applying it to a discriminator circuit, The time constant of the discriminator out-

put is about one second, giving a bandwidth of about 0,16 Hz. The AFC voltage is

fed back to a pair of varactor diodes in the crystal oscillator that supplies the
first local mixing frequency.

Polarization detection and switching is accomplished by routing the horizontal
and vertical channel sum signals through separate IF amplifiers and AGC demodula-
tors. The two AGC voltages are compared using a differential amplifier and a
Schmitt trigger, with the larger voltage determining which polarity is used. (A
difference of at least 3 db is required for switching.) The polarization AGC time
constant is the same as that of the regular AGC noted earlier. See Section V-B. for
modifications for pulse inputs.

Antenna servo control signals originate in the azimuth and elevation channel
error detectors. The error signals are obtained by comparing the appropriate sum
and difference signals in phase detectors. These phase detector outputs are chopped
at a 60 Hz rate and amplified before leaving the receiver. The important frequency
characteristic is the bandwidth of the low-pass filter following the phase detector,
This 1is roughly computed at 50 Hz. 1In contrast, the maximum servo bandwidth is

about 5 Hz or less, Modifications for pulse inputs are described in Section V-B.

C. RADAR CHARACTERISTICS
A block diagram of the L-band radar system is shown in Fig. 4-3. Certain gains

and bandwidths are shown in this diagram. The dynamic range the difference channels
is expected to be 40 db.
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D. GENERAL INTERFERENCE ANALYSIS

1. Problem Fundamentals

Receivers may both produce and be susceptible to interfering signals. The usual

modes of entry (and escape) of interference are: [28]

a. radiation through joints and apertures in cabinets;

b. pick up by antenna lead-in cables;

c. conduction along lines connecting power or controls;

d. normal antenna reception, including sidelobes.
Transmitters produce interference in the same ways but are much less susceptible to
external signals.

Interfering signals usually cause no problems unless they fall within a receiver's
passband, They need not be in any passband at the time of entry, however, to pro-
duce mixing components in IF passbands. Their main effect 1s to desensitize the
receiver by increasing the apparent input signal power, thereby increasing AGC volt-
ages and decreasing gain.

Receivers produce interference at the frequencies of their local oscillator and
mixer outputs, including harmonics. Transmitters create main interference at the
fundamental and harmonics of their signal source., In the case of a magnetron, spur-
ious outputs may also appear at unrelated frequencies. Furthermore, pulsed sources
spread their radiation over a bandwidth which is inversely proportional to the pulse
width,

Shielding of fields at frequencies above about 1 GHz is not difficult with even
relatively poor conductors. Therefore, interference in the UHF region and above is
unlikely to enter except through the antenna and at places where shielding continuity
is violated. At lower frequencies, it is difficult to contain magnetic fields. Any
closely routed coaxial lines, such as antenna lead-ins, may become susceptible to
cross Interference. Entry through the antenna becomes negligible because of wave-
guide cutoff.

Reduction of interference entry in the first three modes listed can usually be
effected by proper shielding and filtering techniques. Entry through the antenna,
however, is difficult to combat except through major redesign or removal of the
interfering sources. General shielding and filtering techniques are described in
the next sections. Particular problems of interference in the 30' confocal antenna
configuration are discussed in Section IV-E.

2. Shielding Considerations

Attenuation characteristics of solid metal materials can be evaluated by determin-

ing losses due to absorption and reflection mechanisms, In general, the results




reveal that thick, high-conductance materials are most effective except near sources
of low frequency currents, where high-permeability is more important.

The effects of shield discontinuities, such as at joints and points of cable
entry, are probably the most important in determining shielding effectiveness.
Leakage through these places forms the main mode of RF entry above VHF. The mechanism
is thought to be slit radiation through gaps caused by the unevenness of the joined
materials.

The only reliable way of combating joint leakage is with the use of RF gasketing
materials [29]. This fills the gaps with resilient conducting material which can
pierce corrosion barriers. A similar method is to use joint sealants impregnated
with metal powders [30].

Continuity of RF shielding from cable shields, through connectors, and onto
enclosures must be preserved. This requires complete, circumferential contact at
connections [31].

Cable shielding internal to the receiver or transmitter is also important. The
usual braiding will act as a solid sheath for wavelengths down to the order of magni-
tude of the braid dimensions; shielding effectiveness is greatly reduced at higher
frequencies. The method of terminating shields may determine their effectiveness.

In general, shielded twisted pairs with shields grounded at close intervals (compared
to the shortest interference wavelength) should be used. Signal ground should occur
in only one place. It is not advisable to use either the chassis or the shield as
one side of the circuit [32].

The shielding effectiveness of various coaxial cables has been measured by dif-
ferent methods. In general, all show a decrease in effectiveness at UHF and above,
For further information, see references [33] and [34].

3. Interference Filtering

The main mode of RFI entry at frequencies below VHF is by conduction through
attached cables. Therefore, filters should be considered on all commecting lines
not meant to carry RF, '

The simplest filter is, of course, the shunt capacitor. Lead inductance, which
can nullify the capacitance at high frequencies, is minimized by use of feed-
through capacitors. Shunt capacitor filters, however, do not usually afford enough
attenuation over a wide enough range of frequencies.

Low-pass LC filters are easily designed, but usually have undesirable resonances
due to inductor winding capacitance and capacitor lead inductance. Shielding is also
a problem at VHF and above because the entire unit can be bypassed by radiation

coupling.
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The use of ferrite materials relieves many of the problems of conventional LC
filters; ferrites become lossy at frequencies where resonances might otherwise
occur. The drawback with ferrite filters is that saturation effects caused by normal
currents can greatly degrade RF effectiveness.

It is recommended that all RFI filters be specially purchased for the intended

application because of the complications noted.

E. SPECIAL CONSIDERATIONS IN THE NASA COMBINED SYSTEM
1. Local Oscillator Coupling

The coupling of local oscillator signals between the two receivers is a possibility
because isolation through semiconductor circuits is generally poor. Furthermore, high
order mixing components of these spurious signals can appear within a receiver's pass-
band. (For instance, the difference frequency component of mixing the X-band funda-
mental and the L-band seventh harmonic is likely to be near a 30 or 60 MHz IF.) The
L-band local oscillator fundamental will be beyond the X-band waveguide cutoff, but
its harmonics might be passed. These local oscillator effects should be investigated
by actual test.

Local oscillator coupling produces a CW interference which is quite constant in
frequency and amplitude. The level of this interference is expected to be near the
receiver's thermal noise level., Therefore, it can be expected to have little effect
when the input signal is large enough to develop sufficient AGC voltage. When the
interference is not relatively small, its effect will depend on whether the receiver
is operating in the pulse mode or CW mode.

In the pulse mode, constant amplitude CW interference is filtered out of the AGC
circuit; the modification card cannot pass the DC envelope and attenuates the 15 or
30 MHz ripple. Similarly, the error detector modification cards block any constant
phase difference. The unwanted signal will appear, however, in the radar or telemetry
outputs but should not cause misinterpretations.

In the CW mode, large interfering signals will cause desensitizing of the receiver
by increasing the AGC voltage., Furthermore, false antenna positioning will be caused
by the spurious phase detector output. The direct effect on the output data depends
on the type of encoding and processing involved.

2. Telemetry Interference by the Radar Transmitter

The transmitted L-band signal can present the same problem as the local oscilla-
tor signal, but it would also be beyond the X-band waveguide cutoff. Of much greater
danger is coupling of radar X-band splatter or harmonics into the telemetry receiver.
This effect cannot be analytically determined because of the inability to predict
the field distribution at the L-band horns of the spurious signal, A rough estimate
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of -45 db coupling can be obtained by assuming that the spurious signal uniformly
illuminates the main reflector with no spillover. (This level is about the same as
expected for cross-coupling between two adjacent horns without a reflecting structure.)
In the worst case, this figure might be increased by 20 or 30 db.

Another failing of an analytic determination is the inability to predict the
spuriour emission power level; magnetrons yield notoriously unpredictable output
splatter. Even actual measurements vary between different installations of the same
equipment, and between tests at a single installation with slightly different tuning
or environment. Reports in the literature, nevertheless, give some indication of
what is to be expected. For example, an AN/FPS-8 (L-band) radar operated with a 3
microsecond pulse width has been measured to have a seventh harmonic 88 db below the
fundamental [35]. The seventh harmonic of another L-band radar has been reported to
be about 80 db down, measured at a fixed point in the Fresnel zone [36].

A test on the NASA L-band radar transmitter was conducted by RTI personnel in
August, 1965, to estimate X-band splatter.* The method used is explained with refer-
ence to Fig. 4-4. First, the spurious X-band emission of the radar was recorded on
the spectrum analyzer. (A standard gain L-band horn was used for the radar but, of
course, was not calibrated at X-band). Secondly, an HP620A SHF signal generator
was set at 9.1 GHz and connected to a standard gain X-band horn through a coaz/wave-
guide adapter and beamed toward the receiving horn of the spectrum anmalyzer. After
adjusting the SHF generator to give a spectrum analyzer indication equal in amplitude
to the previously recorded radar signal, the generator's output level was reco;ded
from the dial «x lyzer system inm ter
power at the radar location., Assuming zero gain for the L-band horn operating at
X-band and neglecting radar waveguide losses allows the spurious signal output level
to be estimated. This can be compared to the total output power measured at the out-
put directional coupler of the radar.

The results of the test were that a general, wideband splatter existed which was
about 100 db below the total average transmitter power. The seventh harmonic varied
between this background level and about 80 db below the total average power; its
level depended on the tuning of the magnetron. The width of the seventh harmonic
spectral "line" was about 1 MHz. Table 4~1 summarizes the measurements of the back-
ground splatter taken when the fundamental frequency was set at 1,315 GHz. (The
seventh harmonic was not prominent for this frequency.) Note that the interference

appeared in clusters.

*Also reported in, "Mid-Study Technical Progress Report," RTI Report No. TRR-20,
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Table 4-1. Measurements of the L-band Spurious Emission
Spectrum around 9.2 GHz with the Transmitter Tuned to 1.315 GHz.

Approx. Center Approx. Spread Level of Peak
Frequency of Cluster of Cluster Below Transmitter
(GHz) (MHz) Fundamental (db)
9.2 3.7 98
9.0 3.0 103
. 8.9 3.0 98
' 8.82 2.0 98
8.62 3.0 103
; 8.60 3.0 98
: 8.5 4.0 84 (apparently
i due to other
: interference)
i 9.6 20.0 98
‘ 7.8 4.0 93
: 7.85 4.0 93
! 8.2 4.0 93

The above measurements and estimates can indicate the magnitude of this interfer-
ence problem. Assuming the radar to be operated at 2 Mw pulse power, the seventh
harmonic 80 db below, and 45 db isolation between systems yields an interference
signal level into the telemetry of -32 dbm. This is 6 db above the saturation level
of the tunnel diode amplifiers but about 50 db below the damage level. Since it is
doubtful that this estimate could be more than 30 db in error, the possibility of
damage ig remote,

Pulsed interference below the damage level will desensitize the radar receiver
by increasing the AGC voltage. The amount of sensitivity loss depends on the radar
pulse width and repetition rate as well as the amplitude relative to the telemetry
signal. Theoretical values are plotted in Fig. 4-5 for a 2 microsecond pulse width
and repetition rates of 350 and 650 pulses per second. For cases where the telemetry
signal has not yet been acquired, the abscissa may be interpreted as the interference
level relative to the receiver threshold, which is approximately -93 dbm (pulse
power). The nonlinearity of the effect requires portions of the curves to be corrected
(shown dashed) for the absence of the telemetry signal. Notice that the -32 dbm
interference estimate would be 61 db above threshold. This value would saturate the
AGC circuit and make acquisition impossible. Addition of a 50 db filter would lower
the level to 11 db, which would still cause a sensitivity loss of between 7 and 12
db, as indicated on Fig. 4-5.

The polarization switching circuitry is very similar to the normal AGC circuits.
Therefore, Fig. 4-5 describes the interference effect on these circuits, alse,

-59-



: (*pueqssed s3T Ul 12AT3d921 3yj 8utasjua aq 03 pounsse
- 2ae sTeu8lg) ‘oOULISIIAIIUT 13JJTWSUBI} IePRI 03 INP LIJTATITSUSS I3ATIOAI £1jswaa3 JO SSol [BOII_dI0AYL °G-% 814

lamog asyng 1eul3IS
(ap) 1amog 9s[ng 9ouaiajisiul

9¢ %€ 7€ 0t 8 9 ¥ T¢ OC 81 91 T ¢1 O1 8 9 Y ¢ 0 ¢- - 9~

T 1 t T T Y | ¥ 1 T 1 1] t 1 t 7 0
2 1¢
/
7 T Y
/ ’ (p1oysaiyy
/7 wqpg6- = 4P 0) 49
/ 3uo|y 3adouaiajiajul
/ o
/4 1° ¢
/]
o
Tor
=
]
4 ¢l 9
e
<
Jdor R &
&r %] 4
Q )
X - a
2 y 91 L
< Z
<
1 0 =
N
-1 ¢¢
<1 %¢C
4 9¢
- 8¢
-1 0¢




The effect of pulsed interference on the receiver error detectors depends on a
number of special factors not considered for the AGC. In particular, the magnitude
of the interfering signal in the difference channels is dependent upon the relative
phase and magnitude of the interference coupling into the two receiving horns of each
pair. 1If the coupling is exactly the same into both, (which is unlikely), no inter-
ference will appear in these channels, Consequently, no spurious error signal will
result. Even if interference does appear in a difference channel, it is possible
that no error will result because of relative phasing. Moreover, interfering signals
which are able to produce phase detector outputs will cause a much smaller signal
than in the AGC circuit because of time-constant relationships. 1In spite of these
favorable circumstances, nevertheless, a serious problem might still exist in the
automatic tracking mode. The reason is than any spurious signal would not likely be
negligible compared to the true phase-error voltage, which is meant to be kept small.
Since the overall effect can easily range from zero to the castastropic, there is
no value in placing an estimate. Recommendations will be covered in Section IV G.

Operation in the manual tracking mode will probably not be affected by spurious
phase errors; they produce a constant offset which can be '"read-through'" by the
operator. The same is true in manual acquisition. Loss in desensitivity caused by

the effect on AGC voltage remains, however.

F. RF HAZARDS

1. Personnel

The main effect of microwave energy on living tissue is thermal in nature. The
degree of hazard, therefore, depends on the combination of the length of time in the
field and average power density in that location. As a consequence, a scanning beam
is much less dangerous than a fixed one. Also, personnel passing through a radiation
area are in less danger than those stationed in the area.

Certain portions of the human body are more susceptible to radiation damage than
others. The effect also depends_on the radiation frequency band; L-band radiation
is at the borderline between deep penetration heating and surface heating.

To simplify investigations of hazardous conditions, a safety criterion has been
adopted. This criterion of maximum safe value was set at 10 mw/cm2 by the armed
forces and portions of inductry. In addition, more convervative organizations do
not allow personnel to remain in areas of 1 mw/cm2 for more than an hour [26].

A minimum safe distance for -personnel from the NASA L-band radar can be estimated
according to the above criterion. By assuming a circular aperture with parabolid
illumination taper, the power densities can be computed directly [27]. At the point

in the far field where R = 2D2/A, the power density on the beam axis is
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_ 3P
W=

64D

where R is the distance from the aperture, D is the aperture diameter, A is the wave-
length, and P is the transmitter power. Assuming a two microsecond pulse width at

650 pps, the average power density at the point is

_ 32 x 108 (2 x 1078] 650

64‘30’2 [929)

4,58 x 10-4 watts/cm2

This value can then be used to enter the graph of computed near field densities shown

in Fig. 4-6 (from ref. 27, p. 38). The maximum value of power density is found to
be

W ax - (4.58 X 10-4’{42) = 19,2 mw/cm2

m
2
R =0.1 ng—l = 238 feet

A

It occurs at a distance

in front of the antenna (at 1.3 GHz). Ground plane reflections could easily increase

the actual power density past this level.
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Fig. 4-6. Power density on the beam axis of a tapered circular aperture,
normalized to its value at R = 2D2/A, versus normalized dis-
tance, x = R/(2D2/)).
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A conservative estimate of minimum safe distance would be hwere W - 2.5 mw/cm2
because reflections can possibly cause an increase by a factor of four. Fig. 4-6
shows this to occur at about R1 = 0.4(2D2/A), or 952 feet. This might be rounded to
1,000 feet.

Recall that Fig. 4-6 represents the power density at points on the beam axis.

Since the far-field characteristics are not fully developed at the distance being
considered, a reasonable approximation is to assume that the power is restricted to
a cylindrical beam with the antenna as a base. Therefore, even is a person is
within the 1,000 feet, he is in no danger unless he is high enough to come within
the power cylinder. Accordingly, the preceding results should be interpreted to
mean that persons should not be allowed in areas within 1,000 feet at which the

beam can be directed.

If a wire fence is to be used to keep people out of an area, its shielding
effectiveness might be considered. A nomograph (ref. 26) shows that a fence with
the dimensions of an ordinary chain-link fence can reduce the power density by over
15 db (a factor of 32). (For this to be valid, one set of wires must be parallel to
the incident E-field. A height of about 5\ above a person's head would seem required
also.) Such a fence would provide adequate protection anywhere in its shadow.

There is evidence that some effects of RF radiation might not be completely
thermal, but little data is available. If this were the case, then peak pulse power
would need to be considered rather than average power. Just as a precaution, per-

sonnel should be warned not to look into the transmitting antenna for periods of more
than a few minutes from any distance.

2. Ordnance

The heating effect of microwave radiation on bulk explosive material has very low
probability of being hazardous. Instead, false ignition through normal firing cir-
cuitry is the danger.

Most weapon systems employ electro-explosive-devices (EED's) to perform control
functions or actually ignite the éxplosive. These devices are usually constructed
with leads into a small resistance wire which is in contact with the charge. When
a current of sufficient magnitude passes through the wire, ignition takes place.
Accordingly, radiation induced currents can effect ignition as easily as the normal
firing signal.

Pre-ignition of an EED will most often cause a '"dudding' of the system rather
than an explosion. This is because most systems contain a number of EED's which
must be activated in a certain order; it is extremely unlikely that stray radiation

could cause the firing sequence to be followed.
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The degree of susceptability of a weapon system to stray radiation depends on
the system configuration along with the field intensity. For instance, if all cir-
cuitry is completely enclosed in a metal case, the possible effect becomes very small
because of shielding. If certain external cables are used, however, such as umbili-
cal cords or lines to test stands, the danger greatly increases. To estimate the
susceptibility in a worst case situation, it can be assumed that the EED is a termi-
nation for a whip antenna with parameters adjusted to maximize power transfer from
the field. For a typical EED, the expression obtained for maximum safe power density
is [37]

W= vki watts/cm2
AZ

No]

where A is the wavelength in centimeters. Therefore, at 1.3 GHz, the danger level

in the worst case condition is 149 mw/cmz. Since this value is an order of magnitude
higher than the expected maximum power density at the NASA antenna, no danger to
ordnance is anticipated.

3. Fuels and Other Explosive Materials

The only real danger to explosive substances is ignition by spark discharge
caused by a buildup of potential between two bodies due to the radiation field. A
useful danger criterion for this case is the 5 watts/cm2 maximum allowed in the vicin- .
ity of volatile fuels [37]. The NASA transmitter clearly poses no danger here.

Explosives used in construction work often require long lines to the detonators. .
An estimate of susceptibility to RF radiation is difficult because of the many varia-
bles. The simplest safety aésurance would be to allow no blasting in the area during

times of transmission.

G. CONCLUSIONS AND RECOMMENDATIONS
In the intended pulse operation, the only serious interference problem is expected

to be coupling of the radar transmitter into the telemetry receiver. This interfer-
ence will likely make receiver operation impossible unless a filter is employed at

the radar output. Even with a 50 db filter, the receiver will probably be desensi-
tized by about 8 to 12 db. If this prediction is true, it is recommended that the
radar be tuned to a frequency which causes minimum interference. If this is not
sufficient, the three telemetry receiver channels can be blanked during the trans-
mitter pulse in order to prevent over driving. Switching to manual gain control might
be attempted as a last resort. This will allow the signal to reach the error detec-
tors for automatic tracking. Normal signal amplitude fluctuatioms will probably cause

no trouble because of the low-pass characteristic of the servo system. Hopefully,

the interfering signal will develop only a small phase error voltage.




No personnel should be allowed in areas on which the beam can be directed within
500 feet of the antemma. Personnel may be permitted to pass through such areas at
greater distances. Stationary persomnel within 1,000 feet of the antenna should be
shielded if the antenna can be beamed on them; a rather simple mesh fence will suf-
fice.* All persons should be instructed not to look toward the transmitting antenna
if they are within the main beam at any distance; this is an added safety precaution,
however, and it is unlikely that injury will be caused by failure to comply.

No danger to fuels and explosives in the area is posed with the exception of
blasting being conducted. Such blasting operations should be ceased during periods

of radar transmission.

*See nomograph, ref. 26.
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V. MISCELLANEOUS STUDIES

A. RECEIVER MODIFICATIONS FOR PULSE OPERATION

The actual processing of signals by the telemetry receiver is theoretically the
same for pulse and continuous wave (CW) inputs if: (1) the receiver's bandwidth is
sufficiently wide; and (2) its dynamic range is not exceeded. The question of suffi-
cient bandwidth is answered by noting that 2 MHz bandwidth will only slightly distort
a one microsecond square pulse; the more rounded pulses actually received should
be passed with negligible distortion by this bandwidth. In fact, the narrower band-
widths of 100 kHz and 500 kHz should cause only minor loss of signal power for the
mentioned pulse width.

The maximum signal power into the tunnel diode amplifiers (TDA) for which less
than one db compression occurs in -38,5 dbm.* This is somewhat greater than the
-50 dbm (peak power) maximum predicted in the scheduled application. Since all
components up to the first I,F., amplifiers have fixed gain and saturation charac-
teristics which are compatible with the RDA's, no special consideration need be
given them. The remaining circuitry (console modules) must depend on AGC to pre-
vent saturation. Unfortunately, the nonlinear operation required to develop AGC
voltage is less effective for pulses than for CW. The same can be said for the
development of AFC and phase error voltages. Therefore, these portions of the CW
receiver must be modified to yield greater gain for pulse inputs.

AGC voltages must be developed in the console AGC demodulator, module A1300,
and

Lo R
o
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these cases, the required voltage is intended to be derived by detecting the en-
velope of the CW signal. For pulse inputs, though, the DC outputs of the detec-
tors are insufficient to develop AGC voltage before saturation of the first and
second I,F, amplifiers occurs. The problem can be alleviated by making the detec-
tor time constants very large, but this change would greatly degrade the response
times of the circuits. The solution chose was to further amplify the pulse signal
before detection,

The problem in developing AFC voltage is essentially the same as above. How-
ever, in this case it is difficult to perform the necessary tasks without changing
the frequency discriminator characteristics. Also, there is little need for AFC
unless narrow bandwidths are used and the tracking path is to be nearly overhead;
otherwise doppler rates usually can be handled manually. Consequently, it was

decided not to modify this portion of the receiver.

*
Brown Engineering Maintenance and Operation Manual, June 1965, article 2.2.2.
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The problem of obtaining sufficient phase error voltages requires the amplifica- f
tion of a positive or negative DC voltage which has been effectively chopped in ac-
cordance with the pulse characteristic., As a result the subsequent detection of this
signal had to be designed to yield outputs of either polarity.

The modifications to the radar receiver are the same as described for the
telemetry receiver with the following exceptions:

1, No polarization switching detectors are required.

2, The circuit cards have been modified to give longer pulse integration
times. The AGC demodulator circuit has a 0.1 puf capacitor replaced
with a 0.2 uf to double the time constant. This will have small ef-
fect on the overall AGC circuit., The integrating capacitors on the
error detector cards have been increased from 0.1 puf to 30 pf. This
is required because of the lower signal amplitude expected and the
lower prf. The result is that 30 to 50 pulse periods are required
for the output to reach steady-state; this is in contrast to approxi-
mately four for the telemetry card.

Complete circuit diagrams and test procedures are given in Appendix G.

B. MEASURED TELEMETRY RECEIVER SENSITIVITY

The sensitivity and linearity of the modified telemetry receiver were measured
by reading AGC voltages at different input signal levels. Actual readings are
listed in Table 5-1 and plotted in Fig. 5-1.

The AGC voltage has an apparent threshold at -97 dbm, as shown in Fig. 5-1.
The signal level at which predictable automatic tracking can take place, however,
must occur far enough above the AGC voltage threshold to yield constant amplitude
signals for the error detectors. The signal level at which this occurs is effec-
tively the receiver threshold. A realistic AGC voltage level for this threshold
criterion is 0.7 volts. Thus, the receiver threshold is at -86 dbm peak pulse sig-
nal power, or -113 dbm average signal power (at 1800 pps - lusec pulsewidth).

The linearity of AGC voltage with input signal power can be determined from
Fig, 5-1, The slope of the curve gives a closed loop tramsfer constant of 0.083

v/db, which is near to the theoretical CW transfer constant of 0.073 v/db.

C. THE EFFECT OF AGC DELAY ON X-BAND RECEIVER TRACKING PERFORMANCE

The AGC signal in the Langley monopulse receiver is developed and utilized as
shown in Fig. 5-2. Since the interest is in the auto-track mode, assume that the in-
put signal has already been acquired and that AGC is in operation as depicted in the
figure., Under this condition, the antenna servo has little effect on the sum signal

because the signal source must be nearly on the boresight.
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Table 5-1. Data taken to determine the sensitivity of
the modified telemetry receiver.

Input Signal Level (dbm) AGC Voltage
0

-99
-97 0
-95 .1
-93 .2
-91 .38
-79 52
-69 1.1
-59 2.98
-49 3.64

3

2

1

0 & =

-100 =90 =80 =70 =60 =50

Input Signal Pulse Power - dbm

Fig. 5-1. Telemetry receiver sensitivity in pulse operation (1 ysec - 1800 pps).
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The response to by analyzed is that caused by the input signal changing amplitude e
suddenly while remaining in the AGC operation range. Since the servo error voltage
is proportional to the magnitude of the difference voltage, this sudden change will
deliver a false error signal until the AGC can respond. Therefore, a serious condi-
tion will exist if the AGC response is not considerably faster than the servo re-
sponse, As a first step in analysis, then, consider the characteristics of the AGC
loop. Since AGC voltage is derived from the envelope of the RF signal, it is pro-
portional to the average power in the signal., Therefore, the open loop transfer
function of the AGC module will have dimensions of volts/watt. However, it is more
convenient to use volts/db, which merely represents a change of scale (over the
amount of variatiou peing considered here).

The response time of the AGC demodulator is far longer than any other element
in the loop. This permits the delay in all other components to be neglected. The
result is the equivalent block diagram of Fig. 5-3.

In reference to Fig. 5-3, the AGC loop transfer function for transient inputs

is:

K K
T(s) = a = a 1
Ts + 1 + AK 1 + AK (5-1)
a 8 I s+1
1 + AK i
a
The loop time constant is then -
1 - T -
TTTE AR (5-2)

Nominal values for the constants involved, as found in the tracking receiver opera-
tion manual, are

_ 4 volts - 24 db

K and A= 7 volts (5-3)

a 0,5 db
Therefore,

T'

-
109
where T' is the AGC loop time constant and T is the AGC module time constant.
The AGC loop time constant can be compared with the minimum time for the servo

system to reach 63% of its stady state value after a step input, This servo "time

constant", Tgs is found to be 0.13 sec from Fig. 19b of the Cimtrol servo data book.
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!Gain Kf !
Input [;;ger and I, F. Amp. AGC Demodulator AGC
Level (db) K Voltage
> a (volts

I Ts+1 db
| b

Constant A\%IE
| db Gain
i

Fig. 5-3., Equivalent block diagram of the AGC loop.

The present AGC module time constant is found from the tracking receiver circuit

diagram as:
T = (390KQ) (4.7uf) = 1.83 sec
and this gives a time constant ratio of

servo time constant, T
? 109

8 = —e—— =
AGC loop time constant, T' (0.13) 1.83 7.75

This ratio should not be reduced below about 6.5, or Toax 2,18 sec, if the servo
response is to be kept below 10% during AGC delay. With a time constant ratio of
7.75, as presently used, a sudden change in signal level can produce a servo re-
sponse proportional to 5% of the change during a time equal to the AGC time constant.
This change may be considered negligible. The pulse stretching circuit in the AGC
module is designed so that the AGC module time constant and gain are effectively the

same as in the CW case.

D, THE FEASIBILITY OF PROVIDING GREATER ANGULAR COVERAGE WITH
ADDITIONAL FEED HORNS

1, Introduction
LRC personnel have suggested that additional horns be placed around the X-band
monopulse feed system as shown in Fig. 5-4 in order to enhance the acquisition cap-

abilities of the telemetry tracker. The purpose of this arrangement is to produce
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Elevation Offset
Horn E1

Azimuth Offset Azimuth Offset
Horn A2 \| Horn Al

\\

Elevation Offset
Horn E2

Fig. 5-4. Horn arrangement to produce offset beams about the mono-
pulse % channel.

a greater angular coverage for telemetry-signal acquisition, as shown in Fig. 5-5.
The fact that the signal acquisition is to occur on a beacon signal means that the
antenna gain for the auxiliary beams is not particularly critical (i.e., high

aperture efficiency need not be achieved). Nor would high sidelobes be particularly

Mmooy s mom - the prl.....ry q.

estion to be answered

at this time is whether the techmique shown in Fig. 1 will produce worthwhile results,
without placing stringent specifications on these results. As a guideline, it
appears reasonable to expect that the gains of the auxiliary lobes would be within

6 db of that for the I beam, and that the mainbeam shape would be close to that of

the ¥ beam,

2. Feasibility Evaluation

Theoretical studies of the beam-steerage capabilities for parabolic dishes fed
by point sources indicate that steerage of 5-6 beamwidths if possible with little
degradation of beam shape and gain (e.g., sidelobe levels can be maintained below
20 db and gain reduction less tham 1 db). Practically, this theoretical results can
be achieved by feed-reflector combinations with the feed located in front of the
dish and with £/D ratios in the range of 0.3-0.5. The capabilities of Cassegrain
systems is less clear because of the approximations and assumptions inherent in

folding the feed-reflector path about the sub-reflector.
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Monopulse I Channel

Fig. 5-5., Desired azimuth coverage produced by horn arrange-
ment of Fig, 5-4,

For Cassegrain antennas using large sub-reflectors, it is expected that beam
steerange could be achieved by feed displacement with almost the same results as for
the simple feed-reflector combination, However, in order to minimize aperture
blocking it is desirable to use small sub-reflectors. These reflectors have an as-
sociated magnefication factor which may be defined as the ratio of the actual feed
size to the effective feed size, or the equivalent angular measure @v/@r as il-

lustrated below,

Y

AN
AN
j fﬂ?v\\l\— — -
‘1{

Feed Image

Feed X
Equi-phase Surface

Fig. 5-6. Cassegrain geometry,
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For a simple reflector-feed combination, fed by a point source at the focus, the
equation for the equi-phase surface at the parabolic aperture is a plane surface. As
the feed is moved radially off focus a small distance (but kept within the focal
plane), the main effect is a tilt of the phasefront by an angle approximately equal
to the angular displacement of the feed relative to the center of the reflector. A
secondary effect is a cubic term in the equi-phase surface equation., As the steerage
angle is increased to the order of 506 beamwidths, the cubic term becomes significant
and a serious coma lobe is introduced (a high sidelobe immediately adjacent to the
mainlobe).

For a Cassegrain antenna having significant magnification (say, greater than
two), the theoretical deterioration of the equi-phase surface with steerage angle
of the feed is faster than for the simple feed-reflector system. A detailed analyti-
cal evaluation of this effect would require extensive computation. Fortunately,
this is believed to be unnecessary for the application of interest. The steerage
angles of interest for the LRC application are approximately one beamwidth. Although
the magnification of the LRC antenna is not known to the writer at this time, an
example of an experimental system is available which is believed to cover adequately
the LRC case of interest,

The West Ford antenna described in reference [38], operates at X-band and has
a 60 foot diameter. In many respects this antenna is similar to the one LRC has
under construction. It has a requirement for a central beam and four additional
beams displaced from this to the right, left, up, and down. Their requirements on
gain and beamwidth were much more stringent that those of LRC for the off-set beams.
Consequently, they went to considerable trouble to achieve a five-terminal feed
system which feeds the horns through an arrangement of switches and power splitters.
The resulting secondary patterns are shown in Figs. 23, 24, 26, and 27 of the refer-
ence, These results show that a near-optimum feed system can produce off-set beams
quite effectively for off-set angles of approximately one beamwidth.

It would appear that a simple feed system, such as the one considered for the
LRC antenna, would give poorer results that those obtained from the Westford antenna.
An offsetting factor might occur if the magnification for the LRC antenna is less
than that used in the West Ford system (approximately 12).

3. Conclusions

Although absolute certaintity about the quality of the offset beams produced by
a feed system of the type shown in Fig. 5-4 cannot be stated, consideration of the
application would indicate that it would work out quite well., It is recommended

that the aperture dimensions of each of the offset horns be selected to produce a
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a sub-reflector illumination which has about 10 db taper, if this appears practical.
This probably means that each horn would be somewhat smaller than the four-horn
aperture for the monopulse beams, but larger than each of the horns in this cluster.
If the horns cannot be selected to be this big because of physical limitations, the
use of smaller horns would result in lower peak gain and higher sidelobes for the
off-set beams, The beamwidths should be about the same as that of the sum channel,
or possibly somewhat narrower. If the monopulse feed cluster is large enough to
cause the auxiliary horns to suffer appreciable parallax in feeding the sub-reflector,
these horns should be tilted slightly so that their axes point toward the center of
the sub-reflector, Each of the auxiliary horns could be fed into a receiver, the
acquisition logic then being modified to include the outputs of the additional four

receivers, Alternately, a form of synchronous time-sharing of one receiver could

be worked out by an arrangement of an R-F (or I-F) switch and a second switch operated

synchronously at the receiver outputs, .
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APPENDIX A. RADAR CROSS SECTION MEASUREMENTS OF
THE SCOUT VEHICLE

A. TINTRODUCTION

As a portioﬁ of the study, it became necessary to obtain an estimate of the scat-
tering characteristics of the last four stages of a Scout Launch Vehicle. The first
stage was omitted from study in that stage separation occurred beyond the radar
horizon and thus was not of interest., The measurements were performed at the Con-
ductron Corporation facility in Ann Arbor, Michigan at a simulated L-band (1300 Mc)
frequency. The data have been subject to brief amalysis including median plots for
four configurations, cumulative plots for all measurements, and comparison with
theoretical estimates for two easily calculable situations. The results of the
Conductron measurements were submitted to the Radiation Systems Laboratory formally
in Reference [17]. The information contained in that reference has been included
in the present document almost verbatim so as to produce a single comprehensive

discussion.

B. TECHNICAL DISCUSSION

1. Measurement Systems - General Discussion

There are several basic techniques available for measurement of radar cross
section. These are:
. Standing Wave Method
. Doppler Shift Method
. Magic Tee Method (CW)
. Space Separation Method

[ I N N

. Time Separation Method (Pulse)
6. FM/CW Radar Method

Each method substantially attempts to provide an optimum compromise with regard
to minimizing background return while still allowing large models to be measured at
far field distances. No one of these techniques is universal in the sense that it
is optimum for all possible measurement programs. Two of these techniques have been
widely adapted by measurement facilities throughout industry. These are the Magic
Tee (or CW) and Time Separation (or pulse) techniques. The concept of operation
will be briefly described as well as the advantages and disadvantages of each.

The CW system can generally be found in two configurations, that of a single
antenna and that of separate transmitting and receiving antennas.

The single antenna system (see Fig. A-1) employs a very stable source of r-f

energy which is fed into the H arm of a magic tee. The energy divides between the
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two side arms, one of which is terminated and the other feeding the common antenna.
The return signal is then available at the E port for detection, amplification and
recording in a usual manner. The system is initially set up with the target removed
and the load in the first side arm is tuned so as to null the residual return signal
from the column and background. The target (or calibration sphere) is now measured
directly.

The dual antenna system (see Fig. A-2) operates in much the same manner except
that a small portion of the transmitted signal is fed into the receiving network
through a variable phase shifting network. The amplitude and phase of this small
signal is then varied to provide a null with no target present. As before, a target
or sphere may be measured directly as the residual return is effectively nulled.

The two antenna system has the advantage of maintaining the null balance
condition for a longer period of time than can be achieved with a single antenna
at the expense of introducing some small error due to the bi-static angle
associated with two antennas. 1In a typical "pseudo monostatic' system, the bi-
static angle is less than 3° and thus does not influence the results except where
very precise signature data is desired.

The short pulse method (see Fig. A-3) of measuring radar return effectively
isolates in time the return of an obstacle from its background, i.e. ground
clutter or walls of the chamber. It is not as effective as CW in removing the
return due to the model support itself., The short pulse technique is particularly
valuable in determining individual scatterers on a complex body because of the
excellent resolution in time achievable (on the order of 10 nanoseconds). This
lends the pulse technique propitiously to the measurement and further reduction
of extremely low cross-section models (i.e. 10—5-f>10-6 m2). The pulse system
has a further advantage that larger models may be measured at far field condi-

tions due to the higher power levels (peak) attainable.

2, Measurement System

The measurement system used on this program was of the CW microwave bridge
type. The system is pseudo-monostatic (bi-static angle of less than 3°). The
measurement frequency was 9.375 Gec. The detailed block diagram of this system
is shown in Fig. A-4.

The source output is fed indirectly into the transmitting antenna with only
a small signal (-20 db) coupled off for balancing purposes. The phase and ampli-
tude of the balancing signal is adjusted to cancel out the background signal

appearing in the receiver arm of the hybrid tee.
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Fig. A-4. CW pseudo-monostatic system.

Fig. A-5. Model 352-2 showing VHF antennas on third stage.
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The receiving system used for the outdoor measurement range in a Scientific-
Atlanta series 1600 receiver. The actual unit used on this program was the
Scientific-Atlanta model 1640ZP, which provides an RF-IF substitution system,
and a selectable dynamic range of either 40 db or 60 db. The linearity of the
system is + 0.25 db over the entire range on either scale. The specifications
of this receiver are listed in Table A-1l.

A Scientific-Atlanta series 1520 rectangular recorder was used for plotting
analog scattering patterns of the models. This recorder has available three
chart-scale expansions which provide scales of 360°, 60°, and 10° per 20-inch
chart cycle. The 360° scale was utilized. The logarithmic pen response over
the entire recording range is + 0.15 db for either the 40 or 60 db dynamic

range.

TableA-1. Receiver Specifications

Frequency Coverage 20 Mc to 100 Gc
Sensitivity
20 Mc to 2 Gc -100 dbm
2 Ge to 4 Ge ) ~110 dbm
4 Ge to 12 Ge ~-100 dbm
12 Gc to 16 Gc ~95 dbm
16 Ge to 28 Gc =90 dbm
28 Gc to 36 Ge ~-87 dbm
36 Gc to 60 Gc ~75 dbm
60 Gc to 100 Gc -70 dbm

Linear Dynamic Range selectable: 40 or 60 db
(accurate to +0.25 db)

Max R-F Input Level =15 dbm
I-F Frequency 60 Mc
R-F Input CW, Sine, Square Wave,

Pulse Modulated

3. Scout Model

The model under test in this program was fabricated by NASA and loaned to
the Radiation Systems Laboratory for the tests., It was fabricated to approxi-
mately 1/8 scale from mahogany and is capable of being disassembled into four
sections representing the various flight configurations. It was not fabricated
in such a manner so as to allow measurement of each jettisoned stage alone.
The model was painted with a conductive silver paint resulting in a total sur-

face resistance from payload nose to aft end of the second stage of less than
1Q (at D.C.).
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The model was fabricated without the fiberglass heat shroud which covers
the fourth and fifth stages during boost. The scattered return at the boundary
of this dielectric shell was estimated to be insignificant as compared to the
missile assembly beneath the shroud. An exterjor tunnel running the length of the
fourth stage was also omitted as it represented a surface irregularity of much
less than a wave length. Two VHF antennas, however, were modeled on the thirdstage
as they are approximately one wavelength long at the frequency of interest.
The configuration of these antennas may be noted by referral to Fig. A-5.

Pictures of the model in each of its flight configurations are included as
Figs. A-6 through A-9., Figs. A-10 and A-1l1 indicate the dimensions of the entire
model and payload portion, respectively.

4., Measurement Procedures

A total of eight measurements were taken on the Scout model. It was the
intent to obtain the cross-section data for four configurations as well as to
demonstrate the effect (or lack of effect) of two variables. Additional mea-
surements were taken to determine if the telemetry antennas located near the
top of the third stage caused either the whole model or the whole model less
the second stage to be roll dependent. When the third stage was removed, the
remaining model is small enough so as to cause concern as to whether or not the
last two configurations were polarization dependent. This required an additional

two measurements at a new polarization. Thus, to summarize the measurements:

. entire model* - telemetry antenna plane horizontal

. entire model* - telemetry antenna plane vertical

. second stage removed* - telemetry antenna plane horizontal
second stage removed* - telemetry antenna plane vertical

third stage removed - horizontal polarization

1
2
3
4
5
6
7 fourth stage removed - horizontal polarization
8

. third stage removed - vertical polarization

fourth stage removed ~ vertical polafization
*Model measured at vertical polarization for both roll configurations.

The raw data from these eight measurements are included as Fig. A-12 through
Fig. A-19.
The model was supported by a single Pelaspan column throughout the program.

The residual return of the column and background is included as Fig. A-20. A
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Fig. A-6. Model 352-1.

v

ig. A-7. Model 352-2.
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Fig. A-8. Model 352-3.

Fig. A-9. Model 352-4.
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small support saddle was cut for each of the configurations; The actual mea-
surement procedure was to:
1. Place the model at a range which would provide essentially
uniform amplitude illumination (approximately 150 feet).
2. Record RCS data as a function of model aspect angle.
3. Calibrate each measurement using an eight-inch diameter
sphere (@ 9.375 Ge, o\ . = -15 db > m2),
The model was carried to and from the support for each calibration run.
White cotton gloves were used to avoid disturbing the model conducting surface.

The model was leveled between each measurement with a K & E model KE 1-E

theodolite,
5. Near-Field Effects

The range-to-model used during the tests was satisfactory to provide

illumination which gave essentially plane wave conditions for the majority of
the measurements. However, during the measurement of configurations 352-1 and
352-2, the model was allowed to be measured in near-field conditions. The
range~to-model was 150 feet and DZ/A for a 70-inch long cylindrical body is
approximately 324 feet at the measurement frequency. This is felt to be of
little concern in that the main effect of near-field measurement is to change
the depth of nulls sharply with a much less pronounced effect on the peaks [19],
In addition, spacing of successive nulls will be slightly altered. Insofar as
accurate signature data was not the intent of the measurements, near-field ef-

fects are not felt to have influenced the measurements significantly.

6. Data Analysis

The data analysis portion of the RCS measurement program was brief and
intended to provide three important results.

First, the production of median value average data from the raw measurements
was required as the input to signal-to-noise ratio calculations in the acquisi-
tion study. These data have been achieved for the vertically polarized data
only and are included as Figs. A-21 through A-24. The median value was computed
over two degree increments of aspect angle as this represented a typical maxi-
mum aspect uncertainty in the acquisition study computational model. The comput-
er model time resolution is one second of flight in the Scout trajectory and
the maximum average rate of change of aspect was found to be about two degrees
per second.

Second, the comparison with theoretical calculations was felt required to

substantiate the confidence in the experimental results. The computation of
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theoretical radar cross section for a complex body is a difficult task and the
areas of the scout geometry which were considered apropo were the broadside
return from the entire model and the forward quadrant retvrn of the payload.

Fig. A-25 shows the broadside measurements with the theoretical computation super-
imposed. This computation was achieved by considering the cylindrical portion

of the second and third stages to provide the majority of scatter. The cross

section may then be computed from (see Ref. 18):

. . 2
s(8) = [kalzcose}-[Sln (k1 s1n6)]

kl sing

where,

. _ 2n
k is the wave number ( = EN )
a is the cylinder radius

1 is the cylinder length

6 is the aspect angle (zero normal to the cylinder)

The return in the forward quadrant (see Fig, 26) of the payload was com-
puted by the method of physical optics as described in Ref. 1. Careful exami-
nation of the dimensions of the model indicate some doubt as to whether the
technique is fully applicable since the radii of curvature are on the order of
a wave length at the scaled frequency. This accounts, at least in part, for
the deviation between the theoretical computation and the experimental measure-
ment in the actual cross section signature. However, it appears that the sta-
tistical properties of the return amplitude as well as the lower frequency
spectral content of the calculation agree quite well with the measured data.
Hopefully, this is other than coincidence,

Third, the computation of cumulative radar cross section plots was required
to investigate whether the vehicle was roll or polarization sensitive. The
cumulative radar cross section of a vehicle is defined as the probability that
the overall cross section (when viewed over a full 360° of aspect) will exceed
a given value, This heavily smoothes the rapid scintillation with aspect varia-
tion encountered in most complex bodies in such a manner that decisions can be
made on a broad basis. The cumulative data so attained are included as Fig. 27
and Fig. 28. Fig, 27 indicates the results applicable to the first four measure-
ments where the interest was in determining the effect of roll while Fig. 28
presents the results of the last four measurements where polarization effects

were sought.
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C. CONCLUSIONS AND OBSERVATIONS

1. Entire Model

The broadside return compared quite well with the theoretical calcula-
tions over a small range of aspect angles. The magnitude of the return at
normal incidence is slightly reduced and the expected nulls are filled in,
both conditions probably due to the near field condition existing for this
measurement. The configuration does not indicate any serious sensitivity
to roll except directly nose-on where a 2.5 db variation in return can be

observed.

2. Removal of Second Stage

The broadside return again follows theory as it decreases approximately
3 db as the second stage is removed. An interesting phemomenon is observed
over the rest of the aspect coverage, however. The overall return appears
to increase 2-3 db especially in the vicinity of 45° off the nose. This is
especially noticeable on the cumlative plots and most likely due to com-
plex scattering phenomena not within the scope of this document. This
configuration is also essentially insensitive to roll angle, the maximum
observed variation occurring again at the nose aspect. Increased scintil-

. . . 0
lation as a function of aspect is prevalent at the ¢= 90 measurement.

3. Removal of Third Stage

The broadside return again appears to follow theory while the cumulative
plot does not show a significant change. This is likely due to the scatter
occurring predominantly from the surface discontinuities associated with the
fourth stage and payload rather than the cylindrical third stage. The angu-
lar shift of maximum broadside return from 90° to 81° off nose aspect is a
direct result of the 9° taper on the payload cone-face. The configuration
was measured at two polarizations and only a slight difference noted. This
agrees quite well with theory as the model dimensions border the region
where the payload and fourth stage would be polarization dependent (i.e.,

most radii of curvature exceed a wavelength).

4, Removal of Fourth Stage (Payload Only)

The comparison of the experimental measurements with physical optics
theory indicates a good correlation in spite of the fact that the method
of physical optics is not truly applicable to a body of this size at the

measurement frequency. The results of the theoretical calculation do not
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produce the measured signature, however the comparison agrees at least in
a statistical sense: the amplitude and frequency content of both curves )
appear to match quite well,
It is therefore concluded that the measurement program has produced
results which are accurate and usable in the current acquisition study to
determine the obtainable performance of the NASA Langley Research Center

L-band tracking radar.
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- APPENDIX B. VOLUMETRIC UNCERTAINTY MODEL

A, GENERAL DESCRIPTION

To obtain the overall probability of target acquisition, it is necessary to
calculate the probability that a defined spatial volume contains the target during
a particular time interval. The purpose of the volumetric uncertainty model and
associated computer program is to calculate this probability at given intervals of
time during the mission of interest.

For the calculation of this probability, the angular extent of the volume is
defined in terms of the elevation and azimuth angles of a reference angle as measured
at the antenna site. The position of the target is defined by angular differences
measured from the center of the volume. The nomenclature and coordinate system used
are shown in Fig. B-1, for an approximately rectangular volume.

The probability that the target is within the rectangular volume defined by
AGV, A¢V and ARV is calculated from the differences SR, 6¢, and BR, and is the joint
probability

& 8
=P ) 8 B-1
Por - Elle ] <Ry, |R°| < Bgys |R0| < 28,) (B-1)
where the nomenclature is defined in Fig. B-1, Under the assumption that the errors

in each coordinate are independent, this joint probability may be written as the

product

& 5
8
Pyr = Pr(fe | < aR)) -+ Pr( 'Efl < ng.) - Pr( li:' <ne), (B-2)

For normally distributed errors, the probabilities can be determined from the mean

(m) and standard deviation (o) of each of the coordinate errors as

. ]“‘v R -m]?

P = exp { - | — dR (B-3)
(20)°* opoge, AR N2 o
AB ) 2 Do, = 12)
v 0 me A ) @ 4
. exp{-| — de . exp J"—"Q P
- - 2 g
A8, J2 o 0 gy 0
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Fig. B-2. Breakdown of errors as to source.
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In some cases, a cylindrical volume is used, and for this case, the probability

of the target being in the volume is given by

1 P'[ R - mr 2
P = exp -} —_—— dR
Ve 3/2
20" o0 0y -0R,, J2 og
(B-4)
- 2
T £ ¢ ¢ - m 0 -m

o o o
‘4{ exp - —2 - _— dede
J2 ch J2 ch

where r, is the radius of the cylindrical volume in units of angle.

The preceding expressions, (B-3) and (B-4), permit calculation of the probabilities
of the target being within the specified volume when the mean and standard deviation
of the angular errors and range error is known. For the acquisition model, the error

means and standard deviations are in general functions of time, hence P

v changes

with time.
In cases where the probability of the target being within a given angular volume
only is desired, (e.g., range uncertainty not considered), the range integral and

associated multiplier is set equal to unity.

B. COMBINATION OF ERRORS
For the acquisition mode using external designation data for pointing informa-
tion, the instantaneocus errors are broken down as to source as shown in Fig. B-2.
For simplicity, only one dimension is shown on this drawing and discussed in the
following. Angular errors between the target line-of-sight angle at location 1
and the angular command voltage applied to the acquisition bus are represented by
= g -8

€a1 T “ws1 T “ar
are given by €y and errors between the command angle at location 0 and the beam

Errors between the command angle at location 1 and location O

center in local coordinates are designated ep. Coordinate alignment errors are
designated €. The error between the target sight line at O and the beam center is

Ed’ and in terms of the other errors, is given by

ee = ele - QLSO + ep + eb + €d1 + ec (B-5)

Each of these errors are then further broken down as to type. The types of errors
considered are the systematic, or '"bias'" errors; and random errors. The distinction
between these classes is not clear cut in some cases, and considerable engineering
judgement if required. Random errors are described by their standard deviation or

tms value, while systematic errors are defined by their magnitude,.
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Since each of the errors are assumed to be the sum of a large number of smaller

errors, the density function of €_ at a particular time is assumed normal with mean

e
and variance:

_ -2 _2 _ 2 __2] %

= - -6
€o (ele GLSO) + [ep + € + €41 + €. (B-6)
2 _— . 2 2 2
g - 2 2 2 2 _ = = = = _
€ ep + €y + €41 + €. ep < €41 " ¢ (B-7)

where, for example, E; represents the bias error between the target line of sight

rso d07>
component of this error., The bias errors are combined on an rss basis because of

20%
and [epz - ep] is the rms value of the random

) and the command angle (8

the lack of knowledge of the sign or direction of the bias. When the direction is

known, the actual magnitudes, including signs, are used in combining bias errors.
The general procedure indicated above is also used for combining the individual

errors that make up each of the error terms Ep’ ec, eb, and € Each error term

d1°
is in general considered to be a function of time after 1iftoff; this functional
dependence and the models used for estimation of the errors are discussed in

Appendices C and D,
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APPENDIX C. LANGLEY SYSTEM POINTING ERRORS

The pointing error is defined as the error between the beam center angle (in the
local coordinate system) and the angle defined by the synchro voltage at the servo
input. As such, it includes errors due to servo lag, wind gust torques, leveling
and alignment, servo noise, boresight collimation, boresight shift, and beam bending
due to tropospheric refraction. The estimation of these errors is discussed in the

following.

Servo Lag Error

A study of the servo and drive system specification [ 41 ] indicates a maximum
following error of .05° at angular rates of 10° per second. This specification was
used by the manufacturer to select the servo velocity constant at maximum servo
bandwidth, (2.5 cps).

For a given velocity constant (Kv)’ the steady-state following error is given

€ (c-1)

£ =
7 K

where 6 is the command angular velocity.

Values of KV for the servo system are listed in Table C-1.

Table C-1. Servo velocity constants.

Servo bandwidth (cps) KV (sec™ D)
2.5 230
1.6 115
1.0 67
.5 32
.3 19.5
.18 12
.1 - 6.3

This error is a systematic or bias error, with predictable direction or sign.

Wind Gust Error

To estimate the effect of torques due to wind gusts on the antenna, a system
model as shown in Fig. C-1 is used. This simplified model represents the open loop
servo transfer function as an integrator, and neglects the higher order time con-

stants in the system.
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From the model of Fig. C-1, the spectral density of the error due to wind gust
torque is
jo 2

0_(w) = | 5 | on(w) (c-2)
(-J»” + jwB + K)(Kv + jw)

where @T(w) is the spectral density of the wind torque.
The random component of wind torque can be obtained from the spectral density
of wind velocity variations by defining an aerodynamic constant that relates torque

to the square of wind speed as

« T ft - 1bs
vy 2 (fps)2 (c-3)

w

where v, is the wind velocity and Tw is the resulting torque. The variable com-

ponent of torque is then found as

T +AT =K (v. +A )2
w w wowW v

(c-4)
AT = 2K V. A
W w o ow v
and the torque spectral density is then
i) (w)ml;szz(D(cu)
AIW w W Vv (c-5)
where mv(w) is the velocity spectral density.
The mean square error caused by wind torque is found by integrating (C-2)
_2 1 o
€ = o= . o (w) do (c-6)
or 2 2K 2 v 2 © 2
. v w Jo
e — | oy@) do (c-7)
n o (k" + juB + K)(K, + )
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Js2 + Bs + K

= wind torques

= beam center angle
= command angle
servo velocity constant

= load inertia

= load damping

® _©
®owW g <F 0 o =
W

= load spring constant

Fig. C-1. Single axis model for estimating error caused by wind gust torque.
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Values of J, B, and K were found by calculating an equivalent load from the elevation
and azimuth dynamic model described in [41]. This equivalent load describes the
dominant response of the system to antenna torque, but does not include the higher

frequency terms, Calculated values of the parameters are shown in Table C-3,

Table C-3, Servo constants for gust analysis.

Axis !K (fﬁ—l%i) * J(ft-1bs-sec®) B (ft-lbs-sec) K (ft-lbs/rad)
Vo (s o
f i 5 6 8
Azimuth : 5 ' .283 x 10 : .35 x 10 416 x 10
‘ : : 8
i Elevation 5 .268 x 105 ; .379 x 106 : .231 x 10
I e - R

A typical gust velocity spectrum is given in [2] as

W w ; 2
__ o o (fps)
o) = —5——

w, + w cps

(c-8)

where WO = 4000 and @, = .0325, This spectra, along with the numerical values of
the remaining parameters, permits estimation of the rms error due to gusts by
evaluation of eq (C-7). An approximate evaluation may be obtained by considering
KV > > ® 3 Kv >JK/I giving

_— A\
€ ~ w w a ] (C_g)

KZKV

Numerical calculations using this approximation as well as a computer solution to
eq (C-7) indicate that the error attributable to wind gust should be negligible
if servo specifications are met. For example, a 50 knot wind at the lowest servo
bandwidth gives an rms error of only 6.3 x 10-5 degrees.
Note that the above calculations do not take into account deflections of the
dish due to wind gusts. The system specifications require that the tracking accuracy
under wind conditions of 30 knots shall be .1 degree rms., To estimate the error
due to dish deflections, tracking the error is assumed to vary with velocity as in

eq. (C-9) giving as an approximate model,

€q= 3.3 x 10-3 v, deg rms (C-10)
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where Ve is wind speed in knots.
Bias errors due to steady wind torque should be negligible due to the effective

integration inherent in the servo motor.

Servo Noise

In the remote mode of operation, servo noise will arise from demodulation of
the synchro voltages, thermal noise in servo amplifiers, and random fluctuations
in the power supplies and hydraulic systems. The error budget for random errors
is the same as that for cyclic errors, and the sum of random, cyclic, and bias
errors must be less than .025o in the following mode, according to the system speci-
fications. An estimate of .01° rms is used for the servo noise contribution. It
is necessary to estimate this error since actual data is not available, and the
allowable magnitude is not specifically stated in the system specifications.

Refractivity Variations

Variations in the refractive index of the atmosphere cause beam bending with
both a bias and random component. In the acquisition case, when using an auxiliary
source for pointing information, the bias error is not important since the beam
of the auxiliary antenna should be offset by the same amount as the slaved antenna.
The random component of beam bending is caused by irregularities that drift
past the antenna beam, and these random fluctuations will not in general be correlated
between the two antennas. The rms angular variation depends strongly upon path
length through the troposphere and upon atmospheric conditions over the path. An

approximate expression for the rms angular variation has been derived in [2] as
_ -6
€e =2x 10 Ct~fi rms rad - _ (c-11)

where Ct is a constant between .0l and 1 depending upon weather conditions, and

L is the path length in feet. Representative values of C, are listed in Table C-4.

Table C-4. Troposphere variation constant (Ct)'

Weather Condition : Ct
Clear, dry air . 015
Moist air .075
Heavy overcast .25
Heavy cumulus .75
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For calculations at the Bermuda site , a value of Ct = ,1 is selected as representa-

tive.

The path length L is calculated from the expressions

1o .2 5 .
L Re {[sin"p + .105]% - sing]}

=
1]

L' if R> L'

jand
]

Rif R< L’

where R, is the radius of the earth, ¢ is the local elevation angle and R is the
slant range to the target. This expression assumes a troposphere height of 4 nm.

The effects of the ionosphere on the angular error are considered negligible
at the frequencies of interest.

Other Pointing Errors

Errors in boresight collimation, boresight stability, leveling and alignment,
and orthogonality of axis also contribute to the error between the beam center angle
(in auxiliary system coordinates) and the angle defined by the synchro voltage at
the remote input. Specification values are used to estimate these errors as shown

in Table C-5.

Table C-5. Fixed pointing errors.

Source Magnitude (degrees)
Boresight Collimation .05
Boresight Stability .02
Leveling and Alignment . 0084
Orthogonality of Axes . 0084

Total r.s.s. .057°

The r.s.s. total of these errors is considered as a 2¢ random error, giving an rms

value of 0.28°.

Summary of Pointing Error

The errors are assumed identical in each coordinate (elevation and azimuth),

and are summarized in Table C-6.
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Table C-6. Summary of pointing errors (ep)

axis rotation

dish deflections

Source
Servo lag
Wind Gusts

i

Model Type

eq. (C-1) bias

eq. (C-2) E random

eq. (C-10) ; random

e s« S e ey < e vt a e me e

Magnitude

. function of angular rates
~negligible

* function of wind speed

é .01° rms (estimated)

function of elevation angle, range

Servo Noise fixed ; random
Other (boresight, 1 fixed random .028° rms
ete.) :

Refractivity varia- ? eq. (C-11)| random
:  tions i i
— H A !

- 6
Parallax Error (ele LSO)

The parallax error in elevation is considered negligible, while for the azimuth

coordinate it is dervied as

where d is the distance between locations O and 1, O

LS1 LSO

- 8 =

o

cos (O + 90° -

601) (c-13)

o1 is the azimuth of location

1 relative to location 0, 6 is the azimuth angle of the target, and R is the slant

S
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APPENDIX D. BERMUDA ACQUISITION BUS PERFORMANCE

A, GENERAL DESCRIPTION

The acquisition system at Bermuda provides pointing data to remote antennas by
means of synchro voltages on an acquisition bus giving angular positions of the
target. The source of pointing data to the acquisition bus is selectable by an
operator at the acquisition data console.

As presently implemented, the data sources include a manual input by the op-
erator using preflight trajectory calculations, an automatic programmer, the VHF
acquisition aids (quad helixes), and the FPS-16 and Verlort radars. The usual
sequence of operations during a mission is manual or programmer track-to- acquisi-
tion aid-to radar. Should the radar lose track, data from the next most accurate
source is switched on the bus.

B. STATIC POINTING ACCURACY

Tests are regularly conducted at Bermuda to evaluate the static accuracy of the
acquisition bus and associated synchros. In measuring the static accuracy, each
location is chosen in turn as a source, and the other antenna pedestals are slaved
to it, The source is positioned in increments through the rotational limits of both
axes and the position of each pedestal is compared to that of the source, The posi-
tional read-outs are obtained from digital encoders capable of measurments accurate
to less than .1 degree.

Examination of data taken during one of these tests indicate errors that
occasionally exceed + 1 degree in both elevation and azimuth. The rms errors
averaged over all data points (about 1300 measurements) were .32° for elevation and
.36° for azimuth. A plot of the actual error measured while slaving the FPS-16 to
Acquisition Aid (AA) #1 is shown in Fig. D-1. A sample of the actual data sheet is
shown in Fig. D-2.

If the data are modified to consider only the FPS-16, Verlort, and AA#l and
AA#2, the rms errors are calculated as .12° rms in azimuth and .24° rms in elevation.
If data taken at elevation angles greater than 30° is eliminated from consideration,
the calculated error is .19o rms in elevation. These latter figures (.12 az, .19 el)
are considered more representative as to the expected static accuracy when slaving

the Langley system, hence are used in the acquisition studies.

C. DYNAMIC SLAVING ACCURACY
To obtain data on the expected slaving accuracy during a dynamic situation, Mr.
Walter LaFleur, NASA-Bermuda Station Director, performed a dynamic slaving test in

which an acquisition aid was choosen as a slave source and the FPS-16 radar used as
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Fig. D-1. Measured static error, FPS-16 slaved to
acquisition aid #1.

the slaved system. The acquisition bus programmer was then used to drive the acquisi-
tion aid through a simulated tracking pass.

During the simulated pass, azimuth and elevation encoder position data from both
the acquisition aid and the FPS-16 were recorded. After the pass, the elevation and -
azimuth positions of both systems were compared at one second intervals for the
duration of the pass. The differences in position were plotted as shown in Fig. D-3 .
and D-4.

Mr. LaFleur's comments on this test were as follows:

"Consider the azimuth section (Fig. D-3). During the simulated pass which lasted
for two minutes, the antennas were slaved from 270° through 0° to 110°. The heavy
straight line represents the position of the Acquisition Aid antenna (as indicated
by the optical encoder). The other heavy line represents the position of the FPS-16
antenna relative to the position of the Acquisition Aid antenna.'

"From past experience, it is known that the mechanical angular tracking between
the optical encoders and remote output synchros of the Acquisition Aid is not per-
fect, In order to determine a correction factor for this tracking error, the static
accuracy (between the Acquisition Aid encoder and Acquisition Aid remote synchro
output) was checked every 5% between 270° and 110° azimuth. This error was plotted
on the charts as shown."

"Since the FPS-16 reacts to the Acquisition Aid's remote synchro output rather
than the encoder output, the most accurate analysis of the true dynamic situation
would be to consider the difference between the static line and the FPS-16 readout

line."
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"The static line represents the position where the FPS-16 was designated to go,
and the FPS-16 readout line represents the position where it actually went."

"There is undoubtedly a certain amount of electrical tracking error between the
Acquisition Aid's remote output synchro and the FPS-16 remote input synchro. That
error was not considered for this test." (Note: this error is included in the
data).

"The elevation section of the chart (Fig. D-4), is identical to the azimuth

. (o]
section except that the slew was from 0 to 75° and back to 0°."

D. SLAVING TEST DATA ANALYSIS i

To apply the results of the test described above to the situations under consid-
eration, the data has been analyzed by the following procedure.

1. The static error (AA2 Digital Readout - AA2 Synchro Readout) was
subtracted from the overall pointing error.

2. At given points in time, the mean value and rms value were calcu-
lated over a + 10 second interval in a '"sliding" averaging pro-
cedure,

3. For those azimith and elevation angles between data points, a
linear interpolation was used to fill in the missing points.

By this procedure, it is possible to associate & mean and rms error with each
value of elevation and azimuth angle; this error represents an example of actual
errors in designation that may be expected in a dynamic tracking situation. The
results of the data amalysis are shown in Fig. D-5 and Fig. D-6.

The test was conducted at somewhat faster rates than are indicated by the
RAM-C trajectory, and there is no reason to expect that the errors will have the
same values for the designation of the Langley system, however, the test does in-
dicate the type and order of magnitude of the errors that will be encountered, and
the system acquisition procedure must be prepared to handle errors of the magnitude
encountered in this test.

The dynamic test includes inaccuracies due to the error between the remote
synchro output of the AA and the position of the FPS-16, and these same errors have
been considered for the static case in the previous section. Hence, the question
of interest is: are any significant errors added due to the dynamic situation?

The average value of the means (averaged over elevation angles 0-25° and
azimuth angles 3000-800) are calculated to be .184° for elevation and .155° for
azimuth. The static errors calculated previously were .19° rms for elevation, and
.12° rms for azimuth. It thus appears that in the dynamic case, additional slaving

errors in azimuth may be present, although one sample run does not give sufficient
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data to draw a statistically sound conclusion. In other words, for a sample of size
one from a normal population with variance Y, the expected value of the sample is Y,
however values between + 2Y should not be surprising.

Since the static error estimate is based on considerably more data than the dy-
namic estimate it is concluded that additional errors due to the dynamic slaving
situation are insignificant, and therefore values obtained in the static slaving

test will be used for acquisition calculations.

E. SOURCE TRACKING ACCURACIES
1. Quad Helix Acquisition Aids

The specified accuracies of this source are listed in Table D-1.

Table D-1. AA specified accuracy.

Coordinate Accuracy
o
Azimuth .5
0 ) o
Elevation (between 10 and 15) 1.0
o
Elevation (greater than 15°) .5

The elevation coordinate accuracy below 100 is not specified, since multipath pro-
pagation becomes a problem at elevation angles below 10°. The beamwidth of this
source is approximately 20°,

The specifications are interpreted as implying that the tracking error will be
less than the values stated 95% of the time (2 o specs). Thus, for example, the
rms tracking accuracy will be .25° at elevation angles greater than 15°.

2, FPS-16 Radar

A fairly detailed angular error analysis of this precision radar is described
in [2] , pages 325-347. The specified fixed angular error is .l mil rms in both
coordinates, for targets at elevation angles greater than 60. The variable errors
are primarily the servo lag and thermal noise errors. For servo lag, the error is

given by

R

e = X deg (D-1)
v

where Kv is the servo velocity constant and 6 is the angular rate in the coordinate

of interest. For the FPS-16, KV is adjustable over the range 25-300 sec_l, corres-

ponding to servo bandwidths of .5 to 6 cps.
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The thermal noise error for the FPS-16 is given approximately by [2]

B %

e = .48 L

—_ d -
. (5NR) fr rms deg (D-2)

where Bn is the servo bandwidth in cps, fr is the pulse repetition rate, and SNR
is the predetection signal-to-noise ratio. This expression is valid for SNR > 4.
Values of fr for the FPS-16 range between 160 and 1700 pps.

The servo error for the RAM-C trajectory has been evaluated for various servo
bandwidths, and was found to reach a maximum value in azimuth of .01° for Kv = 230.
For the FPS-16, the corresponding servo bandwidth is about 5 cps. Using this band-
width, and assuming a SNR of 20 db and p.r.f. of 160 gives a thermal noise error of
.0085° rms.

Thus for beacon tracking at sufficiently wide servo bandwidths, it appears safe
to assume that the total (fixed and variable) tracking errors of the FPS-16 will
remain less than .01° for both systematic and rms random errors, or at values neg-

ligible in comparison to the expected slaving error.
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EI 566 - Attachment #3 .
7.6,2 AAl SOURCE
SLAVE
AAL SLAVE SLAVE SLAVE X BAWD  SLAVE  SLAVE SLAVE
SOURCE AA2 VERLORT  FPS-16 TLY ANT 1 ANT 2 TOWH HILL
AZ 0° -, 2 o2 ol L 0 o o
150 -2 .l N 0 .5 5 0
20° -2 25 . o . / - 5
Y50 -2 e 2 0 - 0 0 0
80° -2 5! .l ! ) X1 o
75° wat¥ 4 ol 2 o / A o
g0°  ~. o/ .2 | .5 X 0
105° -2 .2 o e 2 I *) "y
120° o 12 ° .2 ) i o)
135° o el -.15 22 o 5 -t ]
150° - 2 .l -.05 . 2 0 I -/
185° -.2 .2 o A o l o
180° -2 .05 -.05 . 5 =1 o) o
195° -.15 . 2 i . 2 - { o . fa)
210° ~-.15 .25 .l .2 -1 -5 0 )
225° -. 1 05 é e 2 =/ -1 -~/
2400 =, 2 05 45 .2 -1 .5 (o]
255° -1 x o v 2 -1 =1 o
270° —. ] 25 of .2 -1 -1 - o
2850 -1 . 108 2 g -~ o
300° o _l5 6 <2 o 0 o
3150 o ' o -~ 2 .2 5 o ~.5
330° o . __2 .l .2 o 9 ' o
3450 | .2 4 e o 0 it
EL _0° o 0 ~-./ ] . _0 [ o
15° . -.25 .25 o/ =1 -, f , =)
30° . 2 - .25 o] [4] 0 o) "',’
45 .2 ~e2 5 N o -5 b -,/
60° 20 =25 =~=.] =] ¢ -1 r]
750 -, 2 - 2 . o "cl "15 45 "/
_90° _:i 0 —-.1 - ] =/ o rZ 4
Fig. D-2. Data sheet from static slaving testeangles
are in degrees.
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APPENDIX E. ANTENNA (X-BAND TELEMETRY) PATTERN ANALYSIS

The preliminary X-band telemetry antenna patterns have been subjected to a
smoothing analysis to investigate the effect of body motion through the trajectory
on the telemetry receiver AGC voltage.

The patterns obtained from Langley Personnel consisted of 5 azimuth cuts at
various roll angles and 1 roll cut at normal (broadside) incidence. These are

summarized in Table E-1.

Table E-1. Summary of X-band telemetry antenna patterns.

Pattern # Azimuth Roll
I 0 < 6< 360 9°
11 0< 6< 360 18°
III 0 <6< 360 27°
v 0 <6< 360 36°
v 0< 6< 360 45°

VI 90° 0 < o< 360°

The patterns were stated to be accurate to one db in gain and 3 degrees in aspect.
The patterns indicate sharp nulls in the quad-horn interference regions and are
relatively smooth in the area of maximum gain. It is thus desirable to smooth
heavily in a sense which will indicate the response of the AGC loop to a change in
aspect through the interference lobing structure.

Further, the Scout vehicle slowly spins through the trajectory an approximate
180 RPM rate. For the quad-horn configuration, this produces a 12 cps signature
modulating the telemetry signal amplitude. A roll variation analysis has been
performed to determine the maximum, minimum and average antenna gain through the
mission.

The technique used in smoothing the patterns was that of "median value" and is
typically used in sensor detection models where it is critical that a fluctuating

target be descriminated against by means of a thresholding device. The median value
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is defined at that value of gain, or cross section, etc. which is exceeded exactly
50% of the time as viewed over some uncertainty range of aspect. As an illustrative
example, consider the hypothetical gain vs aspect function shown in the figure be-

low.

Gain

Median
¢ Value

\-—-(-—J

Uncertainty Interval

Aspect

Fig. E-1. Hypothetical gain vs aspect function.

It is obvious that if a detection criterion were set at the median value, exactly
50% of the time the signal would exceed this value. Note that the value is independent
of the instantaneous amplitude of the gain function and gives a value of gain or
cross section which is indicative of the '"detection time' dependence specified by
Marcum [39], et al,

The smoothing interval selected in the computation of median value is generally
a result of the a-priori uncertainty in aspect. In the case of the Scout mission,
this is relatively small as compared with the variation in pattern gain due to the
receiver AGC loop response time and roll rate. The AGC time constant is approximate-
ly 16,8 ms, With a roll variation of 3 RPS (1080°/sec) this corresponds to a max-
imum angular dispersion of 10800/sec x .0168 sec or 180. For convenience, and also
to minimize the effect of position uncertainty in pattern measurement, the patterns
were smoothed in azimuth initially and the peak, average and minimum median values
cross (or contour) plotted as a function of roll for various aspect angles.

The results of this smoothed computation are shown in Fig. E-2,
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- ) APPENDIX F. SINGLE LOOK PROBABILITY OF DETECTION
! FOR A FLUCTUATING TARGET

The probability of detection PD of a signal in noise is determined by integrat-
ing the density function for signal-plus-noise above the threshold established by

the false alarm probability. That is,

e o]

By < S by ol dx @D

where the limit of integration 'b" is the threshold value and is determined by

solving

b
Pp, = I p (x) dx (F-2)

-0

for b, given the probability of false alarm PFA'

(assuming nearly normal density functions) in Fig., F-1.

This may be shown graphically

PD
p(n) p(sin)

_/

0 b X

Fig. F-1. Threshold effect.

This yields a value of detection probability for a non-fluctuating target immersed

in a noise environment. If the target is known to fluctuate and a density function
is associated with these fluctuations then the density function of signal power be-
comes [40],

B(s) = —— e
S

m||m

(F-3)

where s represents the average signal power. This is the oft termed "Rayleigh"

distribution for a fading signal.
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The average probability of detection may thus be calculated over a multiplicity

of observations as
PD = fPD(x,s) P(s) ds (F-4)

that is, each detection probability is 'weighted" by its probability of occurrence.
Assuming a normally distributed signal-plus-noise (the central limit theorem implies
a normal distribution for an integrated video signal), the expression for average
probability of detection becomes [1]:

1
Ko (F-5)

5]
[

where K is a factor yielding probability of detection dependence on false alarm pro-

bability and number of samples (pulses)., K is defined [40] as
K= (b/2n N - 1) (F-6)

where b/2N is the bias lével relative to the noise power and n is the number of
pulses integrated. Fig. F-2 shows K as a function of the number of pulses and false
alarm number (reciprocal of the probability of false alarm),

The choice of false alarm number depends on the radar function [6]. For wide
coverage search radars it is generally chosen in excess of 106 so as to reduce the
time wasted in evaluating false alarms. For a narrow sector search case where the
a-priori information about the target minimizes this distraction, the false alarm
number may be reduced considerably without affecting performance. The value selected
for the acquisition study was 104.

It should be observed that the single look detection probability is clearly a
conditional probability. That is, it is the probability that the target may be de-
tected given that the target is in the elemental volume being interrogated (the
target is in the beam). Section III describes how this probability is associated with
the probability of being in the beam to form a true acquisition probability.

A computer program has been written to compute this single look probability
of detection. The computation is straightforward and a program description is not
included. The single look detection probabilities have been computed for three
radar configurations and one telemetry case. The radar cases which correspond to
video integration of 30, 100, and 300 pulses are shown as a function of time in
Tables I thru III respectively. Table IV shows the telemetry case averaged over a

detection time corresponding to reception of 30 pulses. Also shown for each case is
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the integrated video signal-to-noise ratio. The parameters associated with each

system for these cases are: '

Transmitted Power 2 MW 400 W
(peak)

Antenna Gain 36.5 db 55 db

Repetition Rate 625 PPS 1800 PPS

Noise Figure 8 db 5 db

Pulses Integrated 30,100, 300 30 (effective)

Frequency 1300 MC 9210 MC

Anfenna Temp. 75°¢C 50°¢c

Band Width .5 MC 2 MC

Losses 2.2 db 1.18 db
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Table 1. Single look probability of detsction
¥p time L-band radar - 30 pulses.

TDE BANE (FT) DET.FROB. SR (08)  TDE RANE (FT) TDE AR (FT)  DET.PROE. SNR (0B) IDE RANGE (FT) DET.FROR. SWR (DB)
141.0 3371383.9 ~19.6% 2706599.9 325.8 1737643.8 .0023 -8.54 417.0 762898.0 .4328 .06
142.0  3363943.8 -19.81 2699335.8 326.0 1722851.8  .0048 ~7.99 418.0 773222.0  .4132 “.17
143.0  3356391.9 -19.97 2691991.9 327.C  1704171.8  .0090 -7.44 9.0 783732.0  .3850 -.50
144.0  3349007.8 -20.13 2684799.9 328.0 1693519.9  .0157 -6.89 420.0 787090.0 3787 -.58
} 145.9 3341583.9 -20.49 2677479.8 329.9 1678963.8 .0258 -6.34 421.0 798490.0 3724 -.65
! 146.0  3334295.8 -20.66 2670159.9 338.8  1664251.9  .0343 -5.99 422.0 793944.0  .3575 -.83
' 147.0  3326767.9 -20.82 2662887.8 331.0  1849771.9  .0385 -5.83 423.0 797406.0  .3%11 -.90
148.0  3319423.9 -20.98 2655503.8 332.0  1635227.9 .0431 -5.68 42¢.0 a00842.0 . 3448 -.98
149.0  3311919.9 -21.14 2648271.9 333.0  1620759.9  .0481 -5.53 25.0 804320.0  .3384 -1.05
150.0  3304559.8 0.0000 -21.30 2641015.8 334.0  1606311.9 0536 -5.37 42¢.0 807830.0  .3236 -1.23
151.0 3297223.8 0.0800 ~21.46 2633695.8 335.0  1591927.8  .0%94 -5.21 427.0 8113%6.0 3173 -1.31
152.0  3269679.8 0.0000 -21.62 2626407.8 336.0 1572043.8  .0088 ~5.00 428.0 814836.0  .3110 -1.38
153.0  3262399.8 0.0000 -21.98 2619199.8 337.0  1553287.8 .0774 -4.79 429.0 818454.0  .3046 -1.46
154.0  3274919.8 0.0000 -21.94 2611959.9 330.0  1534031.8 .0876 -4.57 430.0 819532.0  .3027 -1.48
, 155.0 3267623.9 0.0000 -21.91 26046879 339.0 1514771.9 .070% -4.,95 431.0 820548.0  .3093 -1.40
! 156.0 3260311.8 0.0000 -21.87 2597487.9 340.0  1495711.9 0550 -5.33 4320 821040.0 3157 -1.32
157.0  3252959.8 0.0000 -21.73 2590327.8 341.0  1476543.9  .0337 -6.01 433.u 8zz788.0  .3z221 -1.25
158.0  3245559.9 0.0000 -21.69 2583071.8 342.0  1457479.9  .0249 -6.38 434.0 823646.0  .3202 -1.27
159.0  3238191.9 D0.0900 -21.65 2575839.8 343.0  1438411.9  .0134 -7.05 435.9 524938.0  .3182 -1.29
160.0  3230815.8 0.0000 -21.61 2568759.9 344.0  1419463.8 0065 ~7.72 436.0 825070.0  .316% -1.32
161.0  3223551.8 0.0000 -21.57 2561679.8 345.0 1400499.9  .0042 -8.09 437,90 827184.0  .3143 -1.34
162.0 3216191.8 0.0000 ~21.43 2554631.9 346.0  1379279.9  .0020 -8.62 438.0 828222.0  .3124 -1.36
163.0  3208975.9 0.0000 -21.39 2547727.9 347.0  1350187.9  .60e3 -7.7¢ 43y.y 82931¢.0  .3273 -1.19
164.0  3201759.8 0.0000 -21.35 2540599.9 348.0  1337195.8  .0158 -6.88 440,y 829832.0  .385¢ -.50
165.0  3194591.8 0.0000 -21.21 2533591.8 349.0  1316267.9  .0311 ~6.11 441.0 830350.0  .4351 .09
! 166.0  3187319.8 0.0000 -21.17 2526551.9 350.0 1295379.8  .D62s -5.13 42,0 83069¢.0  .e426 .18
| 167.0  3160039.8 0.0000 -21.23 2519623.8 0000 -15.19 351.0  1274659.8  .0790 -4.75 4430 831318.0  .4418 a7
168.0  3172799.9 0.0000 -21.39 2512559.8  .0000 ~15.14 352.0 1254031.8  .D927 -e.47 a4,y 831772.0  .3968 -.84
169.0  3165575.8 0.0000 -21.46 261.0 2505655.6  .0000 -15.00 355.0  1233471.8  .1079 -4.18 445 832328.0  .2641 -1.95
170.0  3158319.8 0.0000 -21.61 262.0 2498343.9  .0000 -15.04 3%4.0  1213059.9  .1248 -3.89 a4g.y 832636.0  .2161 -2.56
171.0  3151127.8 0.0000 “21.67 263.0 2491151.9  .0000 -14.9% 355.0  1192627.9  .1491 ~3.50 447.0 853290.0  .171% -3.17
172.0  3144063.5 £.0000 ~21.84 264.0 2483847.8  .0000 ~14.94 356.0  1172639.9  .1832 -3.80 “sp.y 833818.0  .2377 -2.28
173.0  31388235.8 0.DODD -21.90 265.0  2476607.9 L0000 -34.99 357.0  13152%51.8  .2924 -31.60 449,y 834290.0  .3188 -1.29
174.0 3129615.v 0.0000 ~22.06 268.0¢ 2459431.8 .0008 -14.94 358.0 11310835.9 3281 -1.18 450.9 834514.0 .3099 -1.39
175.0  3122439.8 0.0000 ~22.12 267.0  2452279.9  .0000 ~14.89 359.0  1109775.9 3307 ~1.15 451.9 834766.0  .2927 “1.60
176.0  3115263.9 0.0000 ~21.98 268.0  2455015.8  .0000 ~14.84 360.0  106873%9.8  .3249 -1.21 52,9 8354958.0  .2358 -2.30
177.9 3108879.5 0.0000 ~231.54 269.0 2447743.8 + 00080 ~14.89 381.0 1067827.9 <2946 -~1.58 453,46 835194.0 2123 -2.61
- 176.0  3101023.9 0.0000 ~21.00 276.0  2440543.8  ,0000 -14.84 362.0  1047133.9  .2490 ~2.14 454, 835306.0  .2917 -1.61
179.0  3093767.8 0.0000 ~20.36 271.0 2432271.9  .0000 -14.88 363.0  1026717.9  .1984 ~2.79 455, 835528.0  .3796 -.62
180.0  3086679.9  .0000 ~19.92 272.0  2423999.9  .p00D -14.82 364.0  1006545.9  .2017 -2.75 4560 835768.0  .4507 .28
181.0  3079623.9  .0000D ~19.48 273.0  2413751.9  .0000 -14.86 365.0 986584.0  .2053 ~2.70 4579 835982.0  .4586 .38
182.0  3072295.9  .0006 ~19.03 274.0  2407559%.8  .0000 -14.80 366.0 904976.0  .179%6 -3.05 458.0 836132.0  .433> .07
183.0  3065087.7  .000D ~108.49 275.0  2399327.8  .0000 -14.84 367.0 947616.0  .1490 -3.50 459.0 836406.0  .2908 -1.63
184.0 3057799.9 0060 ~17.8% 276.0 2390383.8 .8e00 -14,87 3e8.0 926754.0 1174 -4.02 460.4 83853U.0 1953 -2.84
- 165.0  3050535.9  .0000 ~17.61 277.0  2361447.9  ,0000 ~14,81 369.0 908376.0  .D668 ~5.03 4614 B36746.0  .1102 -4.14
166.0  3043127.7 .0000 ~17.67 278.0 2372431.8  .0000 ~14,74 370.0 866160.0  .1403 -3.64 462.0 836848.0  .0583 -5.24
187.0  3035999.8  .0000 ~17.63 279.0  2363567.9  .0000 ~14.88 371.0 866452.0 3475 -.95 3.y 857046.0 0661 -5.05
188.0  3028095.6  .000Y ~17.69 280.0  2354607.9  ,0000 -15.01 372.0 846985.0 44831 .25 44,0 837186.0  .1333 -3.75
180. 8 3021451.0 .0000 ~17.65 281.0 2344759.9 0000 -15.14 373.0 8¢28060.0 4884 T4 405,4 857566.u 2242 -2.45
190.0  3014255.8  .0000 ~17.70 282.0  2334871.8  .0000 -15.07 3740 Buvisi.g  .38352 -2 488, ss7a8E 8 2708 T
191.0 3907047.5  .0008 ~17.76 283.0  23250%5.8  .0000 -15.29 375.0 791400.0  .4953 .83 467.u 837856.0  .3211 -1.26
192.0  2999879.8  .00OD ~17.72 284.0  2315207.9  .0000 -15.42 376.0 773814.0  .6074 2.32 468.u 837836.0  .3061 -1.46
193.0  299267v.8 L0000 ~17.78 285.0  2305431.9  .0000 -15.35 377.0 756604.0  .6338 2.70 4690 837vi4.0  .2874 -1.606
194.0  2965383.8  .000D ~17.94 286.0  2294559.9 0000 -15.46 3780 740318.0  .5080 99 a70.0 837954.0  .2709 -1.86
195.0  2978183.v  .0000 ~18.29 287.0  2283719.8 0000 ~15.58 379.0 724450.0  .6106 2.30 4739 B380%2.0  .320% ~1.27
196.0  2970927.8  .0000 ~18.65 288.0  2272911.9  .0000 -15.70 380.0 708508.0  .6499 2.95 472,y 838616.0  .3797 e
197.¢  2963775.8 0008 ~19.11 289.0 2262071.8 . 0009 -15.82 381.0 693322.0 .4710 .53 473.0 838104.u - 4550 .33
1v6.0  2956607.8  .0000 ~19.47 290.0  2251415.8  .000D ~15.78 382.0 678828.0  .5006 .89 474,y 838112.0  .5116 1.03
199.0 2945391,  .000Q -19.83 291.0 2238527.8  .0000 -15.83 383.0 e65114.0  .8725 7.95 415,49 83B226.8  .5501 1.53
200.0 2942239.6  .0000 -20.18 292.0  22257%1.8  .00DD -16.04 384.0 $52298.0  .8333 6.69 476.0 838248.0  .5724 1.83
201.0 293505%.8 0.0000 ~20.54 293.0  2213047.8  .0000 ~15.94 385.90 €40436.0  .B4T4 7.10 477,49 838340.0  .6011 2.23
202.0 2927911.8 0.0000 -21.00 294.0  2200303.9  .0000 -16.04 386.0 629372.0  .8475 7.11 478.0 83834u.0 5940 2.13
203.0  zv20927.8 0.0000 ~21.36 295.0 2187647.8  .0000 -16.14 387.0 619328.0  .8150 6.19 479.0 838304.0  .5574 1.863
204.0 2913e31.9 0.0000 -21.21 296.0 2172503.9  .0080 -16.01 388.0 610324.0  .9968 12.84 480.0 858382.0  .5722 1.83
205.0 290657%.9 0.0000D ~20,47 297.0  2157383.9  .0000 -15.89 389.0 602532.0  .9265 10.46 481.0 838342.0  .5268 1.23
206.0 2899327.8  .0D00C -19.73 298.0  2142375.9  .0000 ~15.97 399.0 597558.0  .9962 23.51 482.0 838400.0  .4871 .73
207.0 2892271.8  .0000 ~19.09 299.0  2127399.9  .0000 -15.85 391.0 593636.0  .9986 27.92 483.0 838366.0 4457 .23
208.0 2885047.9  .0000 -18.34 300.0 2112393.8  .0000 -12.03 392.0 599786.0  .9961 26.51 484.u 838320,y  .3791 =57
! 209.0 2B77%91.9  .000D ~17.70 301.0 20973191.9  .0D9D ~11.99 393.0 $89186.0  .988% 18.5% 485.0 838372.0  .3367 -1.07
; 210.0  287005>.9  .0000 ~16.96 302.0 2082175.8  .0000 ~11.78 394.0 568572.0  .9486 12.07 486.4 8384l6.0  .4127 -.18
211.0 2863791.9  .0000 -16.21 303.0 2067171 -0008 ~11.65 395.9 569014.0  .9280 10.56 487.0 838380.0 L4471 73
! 212.0 20856487.8  .0000 -15.87 304.0  2052203.8  .000D -11.53 396.0 390750.0  .8196 6.31 484.0 83835¢.0  .5668 2.03
213.0 2849431.8  .0800 -15.53 305.0  2037259.9  .0000 -11.40 397.0 59342U.0  .8664 7.73 489.0 838320.0  .6081 2,33
214.0  2842239.9  .0000 -15.18 306.0  2022215.8  .0000 -11.27 398.0 597266.0  .7506 4.72 490.0 8384D2.0  ,6483 2,93
215.0 2835143.8  .0000 -14.74 367.0 2007271.8  .0000 -11.14 399.0 602174.0  .7383 .47 491.0 838372.0  .6856 3.53
216.0 2827887.8  .0000 -14.79 308.0¢  1992331.8  .0000 ~11.11 490.0 408676.86 . 6431 2.84 492.0 8384206.0  .7030 3,82
237.0  2820679.9  .0000 “15.15 309.0  1977379.9  .0000 -11.08 401.0 612154.¢  .4431 .19 493.0 83sasu.0  .7357 4,42
218.0 2813743.8  .000C -15.51 310.0  1962483.8  .0000 -11.05 402.0 €18566.0  .6724 3.31 494.0 838452.0  .7654 5,02
219.0 28086439.8  .0000 -15.76 311.0 1947571.8  .0000 ~11.02 403.0 625932.0 .7782 5.30 495.0 838480.0  .7701 5,12
220.0 2799271.9  .0000 -16.12 312.0  1932675.6  .000D -10.96 404.0 ©34290.0  .7433 a.57 496.0 838526.0  .7700 5.12
221.0 2792207.8  .0GDO -16.47 313.0  19177%5.9  .0000 -10.95 405.0 e43566.0  .6213 2.52 497.9 838506.0 .7701 5.12
222.0 2785135.8  .0000 -16.83 314.0  1902867.9  .0000 -10.91 406.0 053562.0  .5958 2.15 498.0 838506.0  .7747 5,22
223.0 277793%.8  .0000 -17.19 315.0  1888023.8  .000D -10.88 407.0 664430.0  .6245 2.57 499.0 83848U.0 7747 5,22
224.0 2770767.9  .0000 -17.54 316.0 1873327.8  .000¢ ~10.94 676046.0 5451 1.46 509.0 838480.0  .7747 5.22
225.0 2763775.8 .go00 ~17.80 3i7.v  1858335.8 .0000 ~10.90 6884540 4646 .45 501.0 838454,0 7747 S,.22
226.0  2756583.9  .000D ~18.15 318.0  1843519.9  .0000 -10.96 410.0 696894.0  .5040 .94 502.0 838446.0  .7792 5.32
227.p 2749583.9  .000D ~18.51 319.0  182B807.9 0000 -10.92 411.0 7055%2.0  .5719 1.82 505.0 838436.0  .7792 5,32
228.0 2742505.6  .0000 -18.86 320.0  1813959.9  .0000 -10.98 412.0 714542,0  .6336 2.70 s04.0 838402.0 .7793 5,53
229.0 2735367.8  .0000 -19.22 321.0  1799291.9  .0000 -11.04 413.9 723804.0  .6253 2.58 505.0 838396.0 7748 5,23
2728391.8  .0000 -19.57 322.0 1783815.8  ,0000 -11.09 414.0 733200.0  .6030 2.25 506.0 838370.0  .7793 5.33
! 2721345.8 0.0000 -20.63 323.0 1768463.8 0001 -10,34 415.0 742886.0 5422 1.43 507.0 8383572.0 .7793 5.33
2713871.8 0.0000 -20.58 324.0 1752991.9  .0006 -9.39 416.0 752794.0  .4685 .50 508.0 838354.0 7793 5.33

-138-~




TIME

141.0
142.0

158.0

160.0
161.0

18%.u

187.0
188.0

cue. 0

209.0

RANGE (FT)

2871383.9
33639435.8
3356391.9
3349007.8
3341583.9
3334295.8
3326767.9
3319423.9
331191%.9
3304559.8
3297223.8
32890679.8
3242399.8
3274919.8
3267623.9
3260311.4
3252959.8
3245559 .9
3238191.9
3230815.8
3223551.8
3216191.8
3208975.9
3201759.8
3194591.8
3187519.8
31u0039.8
3172799.9
3165575.8
3158319.4
$151127.8
3144083.9
3136823.8
31z29615.9
3122439.8
31152048,y
310B07Y.9
31ululd.y
30937878
3086679.9
3079625.9
3072295.9
306508/7.7
3057799.9
3050535, 9
3043327.7
3035999.¢
3028095.8
3021451.9
3014255.8
3007047.8
29v9679.8
2992679.8
2985383.8
Z978183.86
2970927.8
29637758
295660/ .1
2Y49391.48
2942259.8
29350%5.8
2927911.8
29209¢7.8
2913631.9
29065/5.9
2899327.8
28v2271.8
2685047.9
28779v1.9
2870855.9
2863791.9
2856487 .8
2849431.8
2842239.9
2835143.8
2827487.8
2820679.9
2813743.8
2806439.8
2799271.9
?71v2207.8
2785135.8
277793%.4
2770767.9
27637715.8
2706583.9
2749583.9
2742508.8
2733367.8
27¢8391.8
2721343.8
27138718

DET.PROB,

.0000
.0000

SNR (DB)

-19.65
~19.81
-19.97
-20.13
~20.49
~20.686
-20.82
-20.98
~21.14

~19.738
-19.09

-16.96

260.u

204.0

266.u

280.0

285,10

290.v
291.v

280
324.0

RANGE (FT)

2706599.9
2699335.8
2691991.9
2684799.9
2677479.8
2670159.9
2662887.8
2655503.8
2648271.9
2641015.8
2033695.8
2626407.8
2619199.8
26119599
2604687.9
2597487.9
2590327.8
2583071.8
2575639.8
256875%.9
2561679.8
2554631.9
2547727.9
2540599.9
2533591.8
2526551,y
2519628, 8
2512559.8
2505655. 4
2498343.9
2491151.9
2483847.0
2476607.9
2469431.8
2462279,y
2425015.4
24477458
24405438
24322719
€423999.9
2415751.9
2407559.8
2399327.8
2390383.8
2581447,y
2372431.8
2363587.9
2354607.9
2344759.9
2334871.8
2325055.4
2315207.9
23054319
22v4559.9
228371v.8
2272911.9
22620718
22>1415.8
22585%27.8
22¢571%1.8
¢213047.8
2200308.9
218764/.8
2172508.v
2157385.9
2142379.9
2127399.9
21123805.8
2097191.9
2082175.8
¢067171.9
2u>2203.4
037259,y
2022¢15.n
2007271.8
1992381.¢
1977379.9
1962483.8
19475718
193267%. 8
1917755.9
1902887,y
1888023, 8
1873327.8
1858335.8
1843519.9
1828507.9
1813¥59.9
1799291.9
1783615.4
17684658
1752991.9

Table II.

DET,PROB,

.0000
.0000
+0000
.0000
L0000
.0000
+0000
.0000
.0000
.0000
+0000
.0000

Single look probability of detection

¥e time L-band radar - 100 pulses.

SNR (DB)

“11.78

~9.39

3%55.0

359.0
360.u
361.u
db2. 4
365.0
64,0
365.0
366.0
367.0
d68.U
369.0
370.¢
$71.0
37¢.0
378.u
374.¢
$75.0
76,0
$77.0
s78.0
79,0
380.u
$81.1
$82.0
385.9
3840
$82.0
S80.0
387,01
sp8.U
389.0
$90.u
391.0
9.0
5954
394.0
395.u
3v6.0
$97.0
98,4
$99.0

-139-

RANGE (FT)

1737643.8
17228%1.8
1708171.8
1693519.9
1878963.8
1664251.9
1649771.9
1635227.9
16207599
1606311.9
1591927.8
15726438.8
1553287.8
15$4031.8
15147719
1495711.9
1476543.9
1457479.9
1458411.9
1419468.8
1400499,
1379279.9
1358187.9
1337195.8
1518267.9
1295379.8
12746594
1254041 .8
12334718
1213099.9
1192827.9
1172839.9
1152551.8
1151083.9
1109775.9
1088739.18
1067827.9
1047133.9
1026717.9
1006545.9
Y4b584.0
966978.0
947616.0
Ye6id4.U
¥08376.0
dup100.0
g68452.0
846986.0
8BUGU. LU
H09440.0
791400.0
Tr3614.0
Io6804.0
740518.0
7.4450.0
708508.0
6933¢¢.0
b7BBeB.G
665114.0
©52:98.0
640436.0
52937¢.0
819348.0
610324,
802552.0
5Y7558.0
593656 .0
590788.0
389180.0
S68572.0
589014.0
5Y0730.0
$93420.0
3v7266.0
602174.0
606676.0
612154.u
518560.0
62593¢.0
634290.0
543566.0
85356¢.0
664430.0

752794.4

DET,PROB,

L0465
00669

JIuae

49119

E1TK

ATTY
L9737
Lv629
S04l
L9300

8577

SNR (DB)
-8.54
-7.99
-7.44
~6.89
-6.34
-5.99
-5.83

¢7.9¢
26.51

12.07

456

TIME

417.0

422.0

LXRINT)
445.0

4470
4480
44v.0
450.0
451,0
4920
455,06
Av4.0
455.0
456.0
457.0
458.0
459.0
460.0
461.0
46,0
4684
464.u
465.0
466.0
46/.0
408.0
469,y
470.0
471.0
472.0
475.u
474,00
41500
476.4
4770
4784
4790
480.0
481.0
482,y
483.0
484,y
485.0
486.0
487.0
484.0
489.0
490.0
4910
49e.u
498,40
494.4
495.y
496.0
a97.0
498.0
499,y
500.0
501.u
502.0
508.0
»04.0
505.u
506.0
SU7.u
508.4

RANGE (FT)

762898.0
77322¢.0
78373¢2.0
787096.0
790490.0
793944.0
797406.0
80084<.0
B8u4320.0
8U7830.0
B11356.0
814836.0
8184540
819542.0
820948.0
B216406.0
822786.0
823b46.0
B24938.0
826070.0
827184.,0
8e8z2z.0
829312.0
Be9bSe. L
830350.0
B3UBYZ. U
851318.0
831772.0
832328.0
832836.0
8332900
B3581n.0
B354290.0
B345la.0
B54766.,0
B35495b .U
885194,y
B33386.0
CRELYL Y
8337660
B3398c.u
33613¢.0
836400.0
836580.0
B38/40.u
8368480
Bs7040.0
837186,0
8374b6.0
837485 .,0
8376%8.0
B375388.0
Bs7¥14.0
8379340
838052.0
438018,
B38104.0
w8112,y
B38LLO. U
43824b .0
838340,
B38540.0
B3B304.0
83838c.0
838340, 0
858400.0
8383006.0
838320.0
83837¢.0
858416, 0
838380.0
838352,
¥38320.0
d43840¢.u
B3837¢.0
838426,y
838480 .0
B38452.0
636480.0
8385200
8585060
838500.0
838480.0
85848V, 0
838454,y
838446.0
838430.0
838402.0
B38396.0
8385700
838372.0
838354 .0

DET,.PROB,

<6547
(6395
.6170
6119
6067
L5943

5476

124
7391
AT
.7730
L7683
L7440
RALI
<7231
L6950
L654y
0122
5760
5391
L6950
/030
L2775
UL
JHebe
Luse’
LBue2
TR
8762
8782
8782
L9788
8788
<8788
<8789
L8814
L8815
2 BY1S
.8789
«881>
~BH1S
8615

SNR (DB)




141.0

156.0

160.0

RARGE (FT)

3371383,9
3363943.8
3356391.9
3349007.8
3341583.9
3334295.9
3326767.%
3319423.9
3311019.9
3304559.8
3297223.8
3289679.8
328239%.8
3274919.8
3267623.9
3200311.8
32529%9.8
3245559.9
3238191.9
3250815.8
3223551.8
3216191.8
3208975.9
3201759.8
3194591.8
3187319.8
3180039.8
3172799.9
3165575.8
3158319.8
3151127.8
3144p63.9
3134823.8
312961%.9
3122439.8
3115263.9
3108879.9
3101023.9
3893767.8
3086679.9
3079823.9
5072295.9
3065087.7
3057799.9
3050535.9
3043127.7
30355999.8
3028695.8
3021431.9
3014255%.8
3007047.8
2999679 .8
2992679.8
2985383.6
2978185.8
2970%27.8
eRLITIs s
29586078
2949391.8
2942239.8
2935055.8
2927911.8
2928927.8
2913631.9
2906575.9
2899327.8
2892271.8
2885047.9
2877991.9
2870855.9
2863791.9
2856487 .8
2849431.8
2842239.9
2835143.8
2827887.8
2820679.9
2813743.8
2806439.8
27992719
2792207.8
2785135.8
2777935.8
27707467.9
2763775.8
2756585.9
2749583.9
2742503.8
2735367.8
2728391.8
2721343.8
2713871.8

.0000
. 0000

289 0
290.0

RANGE (FT)

2706599.9
2499335.8
2691991.9
26084799.9
2477479.8
2670159.9
2662087.8
2655503.6
2648271.9
2641015.8
2633695.8
2626407.8
2619199.8
2611959.9
2004687.9
2597487.9
2598327.8
¢583071.8
2575839.8
2568759.9
2561679.8
2554631.9
2547727.9
2540599.9
2533591.8
2526551.9
2519625.8
25125%9.8
2505655.8
249834%8.9
2493151.9
2445847.8
2476607.3
2469431.8
2462279.9
2455015.8
2447745.8
24405435.8
2432271.9%
2423999.9
2415751.9
2407559.8
2399327.8
2390383.8
2381447.9
2372431.8
2363567.9
2354607.9
2344759.9
2334871.8
2325055.8
231%207.9
2305431.9
2294559.9
2283719.8
2272911.9
2262071.8
2251415.8
2238%27.8
2225751.8
2213047.8
2200303.9
2187642.8
2172503.9
2157383.9
2142375.%
212739%.9
2112303.8
2097193.9
2082175.8
2087171.9
2052205.8
203725%.9
2022215.8
2007271.8
1992351.8
1977379.9
1962483.8
1947571.8
1932675.8
1917755.9
1902867.9
1888023.8
1873327.8
1858335.8
1843519.9
1828807.9
1013559.9
1799291.9
1783815.8
1768463.8
1752991.9

Tsble IIL.

single look probability of detection

¥s time L-band radar - 300 palses.

-21.13 325.0
-20.69 326.0
-20.14 327.0
~19.49 328.8
~18,95 329.0
~18.50 338.9
~18.0% 331.0
~17.80 332.9
~17.05 333.0
=16.81 3340
-16.56 335.0
-16.43 336.0
-16.26 3s57.0
~16.22 338.0
-16.07 339.0
-15.92 348,90
-15.87 341.0
-15.72 s42.0
~15.67 345.0
~15.63 344.0
-15.58 345.0
-15.53 346.0
~15.48

=15.33

-1%.29

15,24

-15,19 351.0
~15.14 35¢.0
-15.09 $53.0
-15.04 354.0
“14.99 355.0
“14.94 456.0
-14.,99 357.0
“14.94 358.0
-14.89 359.9
“14.84 S6D. ¢
~14.89 361.0
~14.84 382.0
-14.88 365.0
~14.82 Sea.
~14,86 365.u
-14.80 366.0
~34.84 367.0
~14.87 368.0
-14.61 369.0
“14.74 370.4
-14.88 371.0
+15.01 72,0
-15.14 375,90
~15.07 374.4
-15.29 $7%.4
~15.42 $76.0
-15.35 77,0
~15.46 37.0
“15.58 $79.0
-15.70 380.0
-15.62 810
-15.73 s82.4
-15.83 $835.0
-16.04 S84,y
~15.94 385.90
-16.04 S86.0
“16.34 387.0
-16.01 s88.0
-15.89 389.0
-15.97

~15.85

-12.03

-11.90

“11.78

-11.65

~11.53

-11.40

-11.27

-11.14

=11.11 400.0
-11.08 401.0
~11.05 402.0
~11.02 40s.0
~10.98

~10.95

~10.91

~10.88

~10.94

~19.90

~10.96

~10.92

~10.98

~11.04

~11.09 414.0
~10.34 415.0
-9.39 416.0

-140-

RARGE (FT)

1737643.8
1722851.8
1708171.8
1693519.9
1678963.8
1664251.9
1649771.9
1635227.9
1620759.%
1606311.9
1591927.8
15726438
1553287.8
1554031.8
1514771.9
1495711.9
1476545.9
1457479.¢
1438411.9
1419465.8
1400499.9
1379279.9
1358187.9
1337195.8
1316267.9
1295879.8
1274659.8
12454031.8
1233471.5
1213059.9
1192827.9
1172639.9
1152551.8
1131083.9
1109775%.9
1088739.8
1007827.9
1047133.9
10¢6717.9
1008545.9
265584.0
966978.9
947610.0
924754.0
906376.0
88b160.0
B64452.0
B46988.0
8280060.0
809440.0
791400.0
773814.0
756804.90
740318.0
724450.0
708508.0
6v3522.1
678¢28.0
663114.0
852298.0
©404356.0
829372.0
619328.0
6103524.0
6UY3z.0
597556.0
3¥3636.0
590788.0
369186.0
Su8%72.0
Ss9014.0
SY078U.0
$93428.0
$972606.9
602174.0
606676.0
61215¢.0
618566.0
$25932.0
654290.0
643560.0
653562.0
664430.0
6760406.0
$88454,0
696894.0
70559z.0
714542.0
723804.9
7s3200.0
742886.0
752794.0

DET_PROSB,

s (pB)

-8.54
~7.99
~7.44
~6.89
“6.34
-5.99
-5.83
-5.68
-5.53
-5.37
-5.21
-5.00
~4.79
~4.57
~4.95
-5.33
-6.01
-6.38
-7.05
~7.72
~8.09
“B.62
-7.7¢6
~6.88
~6.11

4.57
2.52
2,15
2.57
1.46

<45

.94
1.82
2.70
2.58
2.2%
1.43

.50

TIME

417.0
418.0
419.0
420.0
421.0
422.0
425.8
4240
4¢5.0

434.0

448.0

466.0
467.0

4940

RANGE (FT)

762896.0
7738222.90
783754.0
T87096.0
79%490.0
793944.0
797406.0
800842.0
804320.0
a078s0.0
811356.0
814836.0
818454.0
8619532.0
820548.0
B21646.0
B822786.0
823846.0
824938.0
826070.0
827184.0
8¢dezz.0
az9312.0
8298520
830350.0
B30BYZ.0
831318.0
8s1772.¢
832328.0
ds2830.0
833290.u
833816.0
8354290.0
854514.0
834766.0
834956.0
835194.0
853366.0
835528.0
855768.0
85396¢.0
835613¢.0
835406.0
8305300
8587400
B38845.0
BSTUsn.U
837186.0
837306.0
8357488.0
837658.0
837838.0
837914.0
8379840
638052.0
838018.0
ys8104.0
Bib1ic.D
838226.0
858248 .0
638340.0
838340.4
8i8sDs.0
838382.0
835834¢2.0
8358400.0
838366.0
8583520.0
83857¢.0
ds8e16.0
838380.0
83835¢.0
838520.0
83B4avL. Y
B3837¢.0
B858426.9
8S58480.4
858452.0
438480.0
858526.0
858506.4
838506.0
838480.0
838480.0
B58454,.0
858446.0
8358430.0
658402.0
838596.0
838370.0
838372.9
8358354,

8608
8690
B84
8989
9053
-9170
9273
9289
9289
9289
9304
9505
<9505
9505
.9320
9520
9320
49305
93520
9320
9820

5.338
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Table IV, single look probability of detection
ys time X-band telematry - 30 pulses.

TDE RANGE (FT)  DET.PROB. SHR (DB} rng RANGE (FT)  DET.PROB. SHR (DB) TDME RANGE (FT)  DET.PROB, B8NR (DB) ™M RANGE (FT)  DET.PROB, SNR (DB)
141,09 3371383.,9  .9991 30.3¢ 233.0  2706599.9  .9978 26.66 325.0  1737643.8 9980 27.01 7.0 762898.0  .9999 42.16
142.0  3363943.8 9990 30,18 234.0 2609335.8 .998C 26.99 J286.0 17228%1.8 .9983 27.59 418.0 773222,0  .9999 42.25
143.0  3356391.9  .9990 30.00 235.0 2691991.9  ,9961 27.3 327.0  1708171.8  .998% 28,16 419.0 783732.0  .9999 41.73
144.0  3349007.8 9990 29.81 236.0 2684799.9 9984 27.83 320.0  1693519.9  ,9987 28,74 420.0 787096.0  .9999 41.59
145.0  3341583.9  .9989 29,43 237.0 2677479.8  .998% 28.16 329.0  1678963.8  .9988 29.31 421.0 790490.0  .9999 41.36
146.0  3334295.8  .9988 29.2% 238.0 2670159,9  .9985 20.28 330.0  1664251.9  .9991 30.69 422.0 793944.0  ,9999 41.32
147.0  3326767.9  .9988 29.07 239.0 2662887.8 .996s 28,41 331.0  1649771.9  .9993 31.76 423.0 797406.0  .9999 41.08
148.0  3319423.9  .9987 28.89 240.0 2655503.8 9986 28.43 332.0  1633227.0  .999% 32.04 424.0 800842.0 .9999 41,24
149.0  3311919.9  .9987 28.71 241.0  2648271.9 9987 28,75 333.0  1620739.9  .9996 33.92 425.0 804320.0  .9999 41.30
150.0  3304559.8  .9986 28.53 242.0 2641015.8  .9987 28.78 334.0  1606311,9  ,9997 35.10 426.0 807830.0  .9999 41,47
151.0  3297223.8  .998% 28.35 243.0  2633695.8  .9987 28.90 335.0  1391927.8  .9997 38.27 427.0 811356,0  .9999 41.73
152.0 3289679.8  .998% 28.17 244.0 2626407.8  .9987 29,03 336.0  1572643.8  .9997 35.58 428.0 814836.0  .9999 41.89
153.0  3282399.8 9983 27.79 245.0 2619199.8 .9988 29.0% 337.0  1553287.8  .9997 35.89 429.0 818454.0  .9999 41.95
154.0 3274919.8  .9983 27.61 246.0  2611959.9  .9988 29.07 338.0 1%534032.8 9998 38.20 430.0 819532.0  .9999 41.34
155.0  3267623.9  .9982 27.53 247.0  2604687.9  .9988 29.10 339.0  1514771.9  .9998 36.51 431.0 820548.0  .9999 40.83
156.0  3260311.8 L9982 27.35% 248.0 2597487.9  .9988 29.22 340.0 14957119 9998 36.72 432.0 821644.0 9999 41,12
157.0  3252959.8  .9981 27.27 249.0 2%90327.8  .9988 29.25 341.0  1476543.9  .9998 37.13 433.0 822786.0  .9999 41.41
158.0  32455%9.9  .9980 27.09 250.0  2383071.8  .9984 29.27 342.0 1457479.9 9998 37.34 434.0 823844.0  .9999 41.60
159.0  3238191.9  .9980 26,91 251.0 2575839.8  .9988 29.19 343.0  1438411.9  .9998 37.56 435.0 824938.0  .9999 41.68
160.0 3230815.8 .9979 26.83 252.0 256875%.9  .9988 29.22 344.0  1419463.8  .9998 37.67 436.0 826070.0  .9999 41.77
161.0  3223551.8  .9978 26,65 253.0  2%61679.8  .9988 29.04 345.0 1400499, 9998 37.79 437.0 827184.0  .9999 41.36
162.0 3216191.8  .9977 26,37 254.0 2554631.9  .9988 29.07 346.0  1379279.9  .9998 37.72 438.0 828222.0  .9999 40.85
163.0  3208975.9  ,9978 26.59 255.0 2547727.9  .9988 29.09 347.0  1358187.9  .9998 37.2% 439.0 829312.0  .9999 39.24
164.0  3201759.8  .9979 26.71 256.0  2540599.9 9987 29.01 348.0  1337195.8  .9998 36.59 440.0 829832.0 .9998 36,73
165.0 3194591.8 9979 26.82 2%7.0 2%33591.8 9988 29.04 349.0 1318267.9 . 9997 35,93 441.0 830350.0 9999 40.73
166.0  31B7319.8 9980 26.94 258.0  2526551.9  .9988 29.06 3%0.0  1295379.8  .9997 35.07 442.0 830892.0 19999 41.12
167.0  3180039.8  .9982 27.46 259.0 2519623.8  .9988 29.09 351.0  1274659.8  .9997 34.81 443.0 831316.0  .9999 40.02
168.0  3172799.9  .9984 27.88 260.0 2512559.8  .9988 29.11 352.0  12%4081.8  .9997 34,65 444.0 831772.0  .9999 40.61
169.0  3165575.8  .9985 28.30 261.0 2505655.8  .9988 29.13 353.0  1233471.8  .9997 35.19 445.0 832328.0 1.0000 43.41
170.0  3158319.8  .9987 28.72 262.0 2498343.9  .9988 29.16 354.0  12130%9.9  .9998 38,14 446.0 832836.0 1.0000 44,20
171.0  3151127.8  .9988 29.14 263.0 2491151.9  .9988 29.19 355.0 1192827.9  .9998 37.38 447.0 633290.0  .9999 42.90
172.0  3144065.9  .9989 29.66 264.0 2483847.8  .9938 29.21 356.0  117263v.9  .9999 38.53 448.0 83381s8.0 1.0000 43.69
173.0  3136823.8  ,9990 29.98 265.0 2476607.9  .9988 29.34 357.0  1152%51.8  .9999 39.88 449.0 834290.0 1.0000 45,25
174.0  3129615,9  .9991 30.30 266.0 2469431.8 .9988 29.36 358.0  1131083.9  .9999 41,04 450.0 834514.0 1.0000 45,58
175.0  3122439.8  .9991 30.62 267.0  2462279.9  .9989 29.59 359.0  1109775.9  .9999 a3.21 451.0 834766.0 1.0000 44.08
176,0  3115263.9  .9992 30.84 268.0  2455015.8  ,9989 29.71 360.0  1088739.8  .9599 41.17 452.0 834954.0  .9999 42.48
177.0  3108079.9  .999% 30.86 269.0 2447743.8  .9989 29.74 361.0  1067827.9  .9999 40.74 453.0 835194.0  .9999 42.58
178.0  3101023.9  .9992 50.86 270.0  2440543.8  .9989 29,76 362.0  1047133.9  .9999 40.31 454.0 835366.0 1.0000 43.88
179.0  3093767.8  .9992 30,90 271.0  2432271.9  .9989 29.69 363.0  1026717.9  .9999 40.48 455.0 835528.0 .999% 42.07
180.0  3086679.9  .9992 30.92 272.0  2423999.9  .9989 29.72 364.0  10V6545.9  .9999 40.46 456.0 835768.0  .9999 41.87
181.0 3079623.9  .9992 30.74 273.0  2415751.9  .9989 29.75 365.0 986584.0 9999 40.33 457.0 835962.0 1.0000 44,07
182.0 3072295.9  .9991 30.66 274.0  2407559.8  .9989 29.78 366.0 966978.0  .9999 39.80 458.0 83613¢2.0  .9999 42.87
183.0  3065087.7  .9991 30.48 275.0  2399327.8  .9989 29.71 367.0 947616.0  .9999 40,38 459.0 836406.0 9999 42.27
184.0  3057799.9  .9991 30.30 276.0 2390383.8 .9989 29.74 358.0 926754.0  .9999 41,37 460.0 836530.0  .9999 42.68
185.0  3050535,9  .9990 30.13 277.0 2381447.9  .9989 29.78 369.0 906376.0  .9999 42.07 461.0 834746.0  .9999 41.66
186.0  3043127.7  .9990 30.05 278,0 2372431.8  .9990 29.81 370.0 886160.0  .9999 42.36 462.0 836848.0  .9999 42.18
187.0  3035999.8  .9990 29.87 279.0  2363567,9  .9989 29.74 371.0 866452.0  .9999 43,06 463.0 837046.0 1.0000 43.26
188.0  30208695.8  .9989 29.69 280.0 2354607.9  .9989 29,77 372.0 846988.0 1.0000 43.96 464.0 837186.0 1.0000 44.06 -
189.0  3021431.9  .9989 29.51 281,80 2344739.9 998y 29.71 373.0 828060.0 1.0000 44,25 465.0 837366.0 1.0000 44,35
190.0  3014255.8  .9986 28,53 282.0 2334871.8  .9989 29.75 374.0 809440.0 1.0000 45,05 466.0 837486.0 1.0000 44.05
191.0  3007047.8  .9982 27,55 283.0  2325055.8  .9989 29.78 375.0 791400.0 1.0000 45,75 467.y 837656.0 1.0000 44,25
192.0  2999879.8  .9978 26.57 284.0  2315207.9 9989 29,72 376.0 773814.0 1.0000 45.24 468.0 837835.0 1.0000 44.59
193.0  2992679.8  .9969 25.09 285.0  2305431.9  .9989 29.76 377.0 756804.0 1.00060 45.33 469.0 837914.0 1.0000 44,35
194.0  2985383.8 L9963 24.31 286,0  2294559.9  .9989 29.70 378.0 740318.0 1.0000 45.02 470.0 837934.0 1.0000 43.75 -
195.0  2978183.8 9959 23.83 267.0  2283719.8  .9989 29.74 379.0 724450.0 1.0000 45,43 471.0 838052.0 1.0000 43,45
196.0  2970927.8  .9954 23.36 288.0  2272911.9  .9989 29.88 380.0 708508,0 1.0000 45,21 472.0 838018,0 1.0000 43,25
197.0  2963775.8  .994% 22.88 289.0 2262071.8  .9989 29.72 381.0 69332¢.0 1.0000 46.49 a73.0 838104.0 11,0000 43,85
198.0  2956607.8  .9943 22.40 290.0  2251415.8  .9989 29.76 382.0 678828.0 1.0000 46,48 4740 838112,0 1.0000 44,45
199.0  2949391.8  .9940 22.22 291.0  2238527.8  .9989 29.71 383.0 665114.0 11,0000 48.26 475.0 838226.0 1.0000 44,65
200,0  2942239.8  .9942 22.34 292.0  2225731.8  .9989 29.58 3840y 65229¥.0 1.0000 49,12 476.0 8368245.0 1.0000 44,85
201.0  2935055.8  .9943 22.48 293.0  2213047.8  .9989 29.61 385.¢ 640436,0 1.0000 47.58 477.0 838340.0 1.0000 44,84
202.0 2927911,  .9945 22.58 294.0  2200303.9  .998% 29.56 $86.0 629372.0 1.0000 47,73 478.0 838340.0 1.0000 44,94
203.0  2920927.8  .9946 22.70 295.U  2187647.8  .9989 29.41 387.0 619326.0 1.0000 47.67 479.0 838304.0 1.0000 45,04
204.0  2913631.9 9948 22.82 296.0  2172503.9  .9989 29.47 388.0 610324.0 1,0000 47,20 480.0 838382.0 1.0000 45.04
205.0  2906575.9  ,9948 22.85 297.0  2157383.9  .9989 29.53 389.0 602532.0 1.0000 46.51 481.¢ 838342.0 1.0000 45,14
206.0  2899327.8  .9948 22.87 298.0  2142375.9  .9989 29.49 390.0 5975%8.0 1.0000 45.59 482.0 838400.0 1.0000 45.24
207.0  2892271.8  .9949% 22.89 299.0  2127399.9  .9989 29.56 391.0 593636.0 1.0000 45.74 483.0 858365.0 11,0000 45.44
208.0 2885047.9  .9949 22.91 $00,0  2112303.8  .998¢ 20,42 3v2.0 590788.0 1.0000 46,88 484.0 838320.0 1.0000 45,84
209.0 2877991.9  .9951 23.13 301.0  2097191.9  .9989 29.48 393.0 589186.0 1.0000 47.81 485.0 838372.0 11,0000 46.04
210,0  2870855.9  .99%6 23.5% 302.0 2082175.8  .9988 29.34 394.0 588572.0 1.0000 48.62 86,0 838416.0 1.0000 45,34
211.0 2863791.9  .9960 23.97 303.0 2067171.9  .9988 29.31 395.0 559014.0 1.0000 46,71 487.0 838380.0 1.0000 44,74
212.0  2856487.8  .9962 24,20 304.0  2052203.8  .9988 29.17 396.0 590730.0 1.0000 48.49 488.0 838352,0 11,0000 43,84
213.0 2849431.8 9964 24.42 305,00 2037259.9 <9988 29.13 397.0 593420.0 1.0000 47.8% 489.0 838320.0 1.0000 43 .84
214.0  2842239.9  .9v66 24.64 306.0 2022215.8  .9987 29.00 38,0 s97266.0 1.0000 46.39 490.0 858402.0 1.0000 43,74
215.0  2835143.8  .9967 24.86 307.0 2007271.8  .9988 29.06 399.0 602174.0  1.0000 47.22 491.0 838372.0 1.0000 43.74
216.0  2827887.8  ,9970 25.18 308.0  1992331.8  .9987 29.03 400.0 606676.0 1.0000 47.1% 492.0 838426.0 1,0000 43.74
217.0  2820679.9  .9970 25.21 309.0  1977379.9  .9987 26.99 401.0 6121%4.0 1.0000 44.88 493.0 838480.0 1.0000 43,64
218.0  2813743.8 ,9971 25.33 310.0 1962483.8  .9988 29.06 402.0 618566.0 1.0000 44.99 494.0 838452.0 1.0000 43.64
219,0  2806439.8  .9971 25.35 311.0  1947571.8  .9987 29.02 403,0 625932.0 1.0000 46.78 495.0 838480.0 1.,0000 43.94
220.0 2799271.9 9972 25.47 312.0 1932675.8 9987 28,99 404.0 634290.0 . 9999 43.07 496.0 838528.0 1.0000 44,04
221.0 2792207.8  .9972 25.59 313.0  19177%5.9  .9987 28.96 405.,0 643566.0 1.0000 46,14 497.0 858506.0 11,0000 44,34
222.0 2785135.8  .9973 25.62 314.0  1902867.9  .9987 28.83 406,0 653362.0 1.0000 45.01 498.0 838506.0 1.0000 44,84
225.0 27779358 .9973 25,74 315.0  1888028.8  .9987 28.79 407.0 664430.0 1.0000 47,66 499.0 838480.0 1.0000 44,74
224.0  2770767.9  .9973 25.76 316.0 1873327.8  .998¢ 28.66 408.0 676046.0 1.0000 45,71 500.,0 838480.0 1.0000 44,74
225.0  2763775.8 .9974 25.88 317.0  1858335.8  .9985 28.13 409.0 688454.0 1.0000 45,48 501,0 838454.0 1.0000 44.94
226.0  2756584.9  .9974 25.91 318.0  1843519.9  .9943 27.68 410.0 696894.0 1.0000 45,35 502.0 838445.0 1.0000 45,04
227.0  2749583.9  .997% 26.03 319.0  1828807.9  .9980 27.07 411.0 708592.0 9999 42,44 505.0 538430.0 1.0000 45.14
228.0  2742503.8 9975 26.0% 320.0  18139%9.9  .99a0 26.94 412.0 714542.0  .9999 41,33 504.0 838402.0 1.0000 45.14
229.0  273%5367.8  .9976 26.17 321.0  1799291.9  .9980 27.01 413.0 723804.0  .9999 42.22 505.0 838396.0 1.0000 44,94
230.0 2728391.8 L9976 26.19 322.0 1783815.8 .9980 27.09 414,90 733200.0 9999 a1.81 506.0 838370.0 1.0000 45.04
28,0 2721343.8 9977 26.32 328.0 1768463.8 L9980 26.96 415.0 742086.0 .9998 37.69 507.¢0 838372.0 1.0000 45.04
232.0 2713871.8  .9977 26,34 324,06 1752091.9 9979 26.84 416.0 752794.0  .9999 40.58 508.0 8383%4.0 1.0000 45.14

-141-




APPENDIX G. SCANNING TECHNIQUES AND PARAMETERS

A. GENERAL

In this section, the scanning capabilities of the Langley 30' dish are con-
sidered, and important scan parameters (i.e., frame times and dwell times) derived.
The scan types considered are sketched in Fig. G-1.

The minimum time for searching a given angular area is limited by the maximum
allowable velocities and accelerations of the system. Other factors may make
slower scans desirable, but system limits must first be analyzed to determine the
minimum possible search times.

According to the system specifications, the antenna system must be capable

of tracking targets with angular velocities and accelerations as follows:

Elevation Azimuth

. o o
velocity 5 /sec 10 /sec
. o 2 o 2
acceleration 3" /sec 6 /sec

Although the specifications are given for the tracking mode, it is assumed that they
are also applicable to the remote mode of operation.
With these constraints, the minimum times for various scanning techniques are

determined approximately in the following.

B. CIRCULAR SCAN
For the circular scan, the elevation and azimuth coordinates as a function of

time are

]

A%} R sin wct

(¢-1)

AB Rcos w t
c

where A6, Ayp are the azimuth and elevation scan angles, R is the radius of the scan

in degrees, and mc is the scan radian frequency. The time required for one scan is

i

t =

FC (G-2)

0

and the average dwell time is approximately n/&nc. The maximum mc is limited in

%

this case by the elevation acceleration to 1,73 R 2, Numerically, the minimum scan

time is, for R in degrees,

tFC min = 3.62JR seconds (G-3)
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For the case when 2R is one X-band beamwidth (.250); tFC = 1.3 secs. The area
searched in this case is .196 square degrees per scan, and the average dwell time
is roughly .23 secs.

C. SPIRAL SCAN

For a typical spiral scan, the coordinate motion should be

8n t
20~ —2— gin o t
2n s
for nfo < t < ZnR {one frame) (G-4)
s 8w
Gnst s
A‘pz—-zt——cos wst

where © is the antenna beamwidth, and R is the maximum radius attained by the beam
center., When t reaches the time of maximum radius, the spiral is brought back to
the initial position (A6 = 0; Ap = -8/2) by either rescanning the area or by a fly-
back scheme.

While it is possible for certain implementations to vary the frequency w with
scan radius, an estimate of the frame time is obtained by assuming a less complex
system in which the frequency o is constant. For this case, the time required to
cover the area is limited by the elevation acceleration, and is given approximately
by

372 9
tFS =~ 3,62 5 1.81 R secs R=nG, n=2, 3, ..., (G-5)

2
The area coverage is approximately n R degz, and the average dwell time may be

estimated as

tDS = (G-6)

D. RASTER SCAN
The type of raster scan that will be evaluated is that using a "Lissajous" type

scan, with coordinate motions given by

Ap=A sinmow t
) s

NG = Ae sin n mst m/n or n/m = integer G-7)
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The cases m = 1; n =2, 3 . . . . will be considered first. The value of n should then

be selected such that

n = (G-8)

where € is the antenna beamwidth. This choice of n provides some overlap and no

unscanned spaces. The area covered by the scan is roughly

2

Area =~ [2A9 + @] [24A¢ + €] deg (G-9)
The frame time is (for one coverage of area)
tr = nﬂns (G-10)
and the average dwell time is
2
T |
tDR.z 8 A mw (G-11)
6 s

. . . . : . o 2
The maximum o, is limited by the maximum azimuth acceleration of 6 /sec”, thus the

minimum frame time is

t = 1.28 nJAe secs (G-12)
min

In terms of the area covered, the minimum frame time is

%

2.07 n Area

tFR min =~ o secs (G-13)

(m=1)

For the case where the faster scan is on the elevation chammel (n = 1), the

minimum frame time is

tFR min + 1.6l m ~wa secs

(G-14)
(n=1)

The difference is due to the greater acceleration available in the azimuth servo.
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Fig. H-4, Wiring diagram showing connections between the receiver and the
modification circuits.
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E. SINGLE AXIS SCANS (SECTOR)

For no scan along one coordinate, and sinusoidal motion in the other coordinate,

the minimum frame time is limited by the allowable acceleration and is, for eleva-

tion and azimuth,

‘rs

3.62 JAq) secs (elevation)

tFS = 2.56 \/—Ae secs (azimuth)

where A is the peak amplitude of the scan. The area coverage is approximately

Area =~ © (2A + Q) deg2 (G-15)

The average dwell time is given by

t =1

2
I_
DS 8
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APPENDIX H. RECEIVER MODIFICATIONS - CIRCUIT DIAGRAMS
AND ALIGNMENT PROCEDURE

A. MODULE MODIFICATIONS

1. Polarization Switching Detector, A400

Four Amphenol connectors type 5116-058350 were added and labeled J3A, J3B, J4A,
and J4B as shown in Fig. H-1. Internal connections between the positions of these
connectors were removed.

Module A400 can be restored to its original configuration by placing jumpers
between J3A and J3B and between J4A and J4B.

2. Error Detector, A1100

Four Amphenol connectors type 5116-058350 were added and labeled J1A, J1B, JIC
and J1D as shown in Fig. H-2. The internal connections which would have made these
connectors electrically common were removed except J1B remains common to J1D.

Module A1100 can be restored to its original configuration by placing jumpers
between J1A and J1B and between J1C and JI1D.

3. Error Detector, A1200

Same as error detector A1100 except labels are J2A, J2B, J2C, and J2D instead
of J1A, J1B, J1C, and J1D, respectively,

4, AGC and AGC Demodulator, A1300

Two Amphenol connectors type 5116-059350 were added to the AGC demodulator por-

tion and labeled J5A and J5B as shown in Fig. H-3. The internal connection between
the positions of these connectors was removed,

Module A1300 can be restored to its original configuration by placing a jumper
between J5A and J5B.

B. CONNECTIONS TO MODIFICATION CIRCUITS

A wiring diagram showing connections between the receiver and the modification
circuits is showm in Fig. H-4.

Cables between the modules and the modification circuit chassis are RG178B/U
with Amphenol 5116-037475 Subminax connectors on both ends. Corresponding termi-
nals in the chassis are Amphenol 5116-058350.

Amphenol miniature connectors type 126-218 have been installed in both the
receiver console chassis and the modification chassis to provide +15 v and -15 v
DC to the modification circuits. The connecting cable is 20 AWG, 3 conductor,
shielded (Belden 8403-50) with Amphenol 126-217 connectors on both ends.

All inputs, outputs, and supply voltages are routed‘through a 12 pole, 2 posi-

tion, 6 section switch (Centralab type Pa-2037) in the modification circuit chassis.
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C. MODIFICATION CIRCUIT CARDS

The three modification circuits used are shown in Figs. H-5, H-6, and H-7. These
circuits are basically the same, having two stages of amplification followed by an
emitter follower and detector but differing somewhat in gain., The error detector
modification circuit appears most different because it must provide amplification
and detection of both polarity pulses while the others need operate only on negative
ones.,

As noted previously, the detector circuit time constans are of major concern.
In the circuits of Figs. H-5 and H-6, these have been chosen to be small compared
with the 1.87 second RC feedback circuit time constants used in modules A400 and
Al1300. In the circuit of Fig. H-7, the time constant was chosen to give a bandwidth

greater than 25 Hz, which is much greater than the servo bandwidth,

D. ALIGNMENT PROCEDURE

1. Complete the CW Alignment Procedure Given in the Receiver Operation
Manual

2, AGC Adjustment
a, Place a "T" in the line between J2 of module A1300 and J3 of module
A800,

b. Connect the vertical input of an oscilloscope with a 30 MHz or greater
passband to this point,
Set the modification chassis switch to "PULSE".

d. Connect a pulse source of less than -120 dbm (average) to the three
horizontal (or vertical) inputs using cables of equal length.

e. On the console front panel, turn the polarity switch to HOR (or
VERT if vertical inputs are used) and set the BW switch at 10 Mc.

f. Turn the AGC switch to MAN and set the voltage to ome volt with
the MANUAL GAIN CONTROL.

g. Increase the input level to about -75 dbm (average).

h. Turn the AFC switch to MAN and adjust the MANUAL FREQ CONTROL until
the error voltage meters peak, (If no signal voltage is noted,
adjust the console phase shifters. If still no signal appears adjust
the source RF frequency and continue MANUAL FREQ CONTROL adjustment).

i, Reduce the input signal to about -120 dbm.

j. Slowly increase the input signal while watching the RF pulse on the
scope. Stop as soon as signs of saturation occur.

k. Turn the AGC control switch to AUTO and adjust the gain of the AGC
modification circuit, card #5, to obtain a one volt reading on the AGC

panel meter. (Gain increases in a counterclock-wise direction.)
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Slowly decrease the input signal level and note the point where AGC
"dropout" is evidenced on the panel meter; this is the basic threshold
of the receiver. (If dropout does not occur for signals below about
-125 dbm, slightly decrease the card #5 gain until it does. Then
slowly increase the signal and note on the oscilloscope whether ex-
cessive saturation occurs before the AGC "pulls-in'".) Note: Failure
in making the required AGC adjustments indicates one or more of the
following: A
(1) source or local oscillator has drifted off frequency,
(2) a loose connection has occurred or extra noise has been
introduced to the circuit,
(3) of IF amplifier A700 needs readjustment. First adjust
R83 to correct the problem. If still unsuccessful,
adjust R41,

Error Detector Adjustment

a.

After successfully completing the AGC adjustments, remove the "T" and
oscilloscope from the receiver console.

Set the console BW switch to 10 Mc and the AGC switch to AUTO.
Increase the input signal until about 1.5 volts appears on the AGC
panel meter.

Adjust both console phase shifters and the MANUAL FREQ CONTROL to
obtain peaks on the two panel error meters.

Turn the gain controls on cards 1 and 2 about 25 turns counterclock-
wise,

Adjust R41 on modules A500 and A900 to obtain at least 8 volts on
the EL ERROR and AZ ERROR panel meters, respectively.

Reduce the input signal level to the point where the AGC just drops
out.

Turn the AGC switch to MAN and manually set the AGC voltage to zero
as shown on the panel meter, .
Disconnect the cable from J3 of module A1000 and connect a device
capable of indicating the amplitude of the 30 MHz pulsed signal such
as an HP 851A spectrum analyzer. (Load with 50 ohms if necessary.)
Short out TP6 on module A500 and record the output amplitude at J3
of module A1000.

Repeat steps (i) and (j) using module A800 instead of A1000 and A700
instead of A500.
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Manually increase the AGC voltage to 4 volts and record the
output amplitude at J3 of module A800. (Increase the input
amplitude if necessary to obtain a reading.)

Repeat steps (i) and (j).

Adjust R39 of module A500 to obtain the following relationship

for outputs in db:

(mod. A800 output at zero AGC) - (mod. A1000 output at
zero AGC)
= (mod., A800 output at 4v AGC) - (mod. Al1000 output at
4v AGC)
(step (k) reading) -(step (j) reading)

= (step (m) reading) - (step (p) reading after adjusting R39).
Repeat the previous steps at various AGC settings but without
shorting TP6 on either module. Adjust R80 and R83 on module A500
to obtain AGC characteristics of the two channels that "track" as
closely as possible. (Adjust R83 only at AGC voltages between
zero and one volt. Adjust R80 only at AGC voltages between 3.5
and 4 volts.)
Place the AGC switch back on AUTO and repeat steps (g) through (q)
with module A600 instead of A1000 and A900 instead of A500.
Return all console wiring to its original configuration,
Set the AGC switch to AUTO and increase the input signal until
about 3 volts of AGC voltage show on the panel meter,
Peak the error meter readings with the console phase shifters and
the manual AFC control. If either is less than 8v in absolute mag-
nitude, slight changes may be made in R4l of modules A500 and A900 for
EL ERROR and AZ ERROR, respectively. Similar changes in R39 may
be used if necessary. ‘
Vary the gain controls of cards 1 and 2 to make the readings of the
two error meters as close as possible. (These gain.controls permit

adjustment only over about a one volt range.)

Polarity Switching AGC Adjustment

a.

This adjustment is made with TDA's in circuit and connections made
from mixers to two sum inputs with 4 db attenuation between mixers
and sum inputs. )

Connect a signal source set at zero zmplitude to deliver equal

power to both TDA's.
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c. Connect a DC VIVM to TP 2 on module A400,

d. Increase gain of card #3 until a negative voltage appears on the
VIVM (caused by noise), Then reduce the gain of card #3 until the
VIVM voltage is approximately +1 volt. (Gain increases in CCW
direction.)

e. Increase the input signal level until the VTVM reads zero volts.

f. Connect VIVM to TP 9 of module A400,

g. Adjust gain of card #4 until VIVM reads zero volts., (Both TP 9 and
TP 2 should be at zero volts now.)

h. Connect VIVM to TP 4 (AGC) of module A400.

j. Increase the input signal until VIVM reads about -2 volts. TP 6
voltage should read -2v also. 1If not, readjust the gain of card
#4 to obtain equal voltage on TP 6.

k. At this point, 4 db of attenuation in one channel should cause
automatic switching to the other. It may be possible to increase
the switching detector's sensitivity now by decreasing the input
signal and increasing the circuit cards' gains accordingly, keeping
them balanced. Also, a finer balance to cause switching on a 3 db
difference rather than the 4 db may be possible. The threshold of
switching sensitivity should be about where the receiver's AGC just
pulls-in.

E. OPERATIONAL CHARACTERISTICS

The threshold of AGC operation on a 9.21 GHz carrier pulsed at 1800 pps with one
microsecond pulse widths should be at -120 dbm average power into the TDA's; &4 db
loss is allowed for cables between the pedestal and consoie.

As the input signal is slowly increased from threshold the error voltages will
rapidly increase to a peak at about 0.7v AGC. They will then decrease until about
1.0v AGC is reached. Further increase in signal 1level will then cause orly minor
decrease in error voltage. This action may be explained as follows:

(1) Prior to AGC threshold the noise reaching the detectors at the error

detector circuit-card outputs is somewhat larger than the signal.

In fact, the noise back biases both detector diodes and prevents the
signal from having effect. The panel meters read nearly zero
because the positive and negative DC voltages due to noise nearly
cancel at the cards' outputs.,

(2) shortly after threshold the back bias due to noise is greatly de-

creased because it varies as the square of the I,F. amplifier gain.
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Although the signal voltage become slightly reduced at threshold, it can affect the
1 output because of the relief in back bias.
| (3) The error voltage indicated for small AGC voltages is therefore
due to the combined signal and noise power. As the AGC voltage
is further increased by the increasing input signal, the error
signal is held constant while the noise further decreases until
it has negligible effect after about 1.0v AGC. This characteristic
which, of course, is unique to pulse operation will have no éffect
during the scheduled mission and most other applications because
operation will seldom be near threshold.

The gain through the error detector circuits is not expected to be exactly the
same for pulsed inputs as for CW. However it will be close enough so that adjustment
of the AC amplifier gain by R35 in modules A1100 and Al1200 will give the desired
results. Due to the changing gain at threshold, these adjustments should be made
when at least 1.5 volts AGC is being developed.

The other characterisics of pulse operation are the same as for CW.
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APPENDIX I. SIGNIFICANT COMPUTER PROGRAMS

A, INTRODUCTION

During the study, two significant tools were developed to implement the com-
putational apsects of the task. These tools, programs "ALPHA" and "TRAJAN" are
quite similar in the respect that they both depend on the logical formulation of a
coordinate transformation over a non-spherical earth model. These programs are de-

scribed in detail in this section.
PROGRAM "ALPHA"
"ALPHA" computes the radar (or telemetry) aspect angle given inputs of

tracking station location (earth reference)
vehicle location (earth reference)

vehicle orientation (local earth reference)

"ALPHA" is also employed to produce the predicted radar coordinates (R,8,¢) as well
as the horizontal and vertical components of the received "E" field vector. Program

"ALPHA" is written in Fortran II for the Bunker-Ramo 340 digital computer.

The program assigns a unit vector along the vehicle longitudinal axis in a local
horizontal (geodetic referenced) coordinate system. This vector is translated into
an earth centered coordinate system and then out to the local horizontal (geodetic
referenced) system at the radar site by means of subroutine ROTAT. The line-of-
light is computed to the vehicle spatial position by means of subroutine TRANS and
a unit vector assigned to the line-of-sight orientation. The aspect angle is com-
puted as the angle between these two unit vectors. A simplified block diagram is
shown in Fig. I-1. The required input data is defined in Table I-1. Appendices I
and II show the input format and program listing respectively. The data output may
be observed by referring to Appendix J.

Although a formal error analysis has not been performed, preliminary data in-
dicate the error in computed aspect angle to be less than .1° for trajectories over
the Wallops Island - Bermuda Range. An obvious error contribution is the result of
rotating a geocentric (re: LIV Preflight Trajectory) referenceé longitudinal axis
vector through a geodetic transformation. The effect of using the wrong variety of
latitude is also evidenced in incorrect computation of the components of the earth's
radius vector and in establishment of the transformation matrices. The error,

however, is quite small (the two latitudes differ by a maximum of 12 min of arc at
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45° latitude and zero at the poles and equator). Also the earth's radius vector
computation enters as the difference between the two lengths and the coordinate
rotation is into and out of the earth centered system. Thus, all error sources enter
the computation twice in a contradictory sense, The overall effect (although dif-
ficult to accurately predict) is thus quite small in comparison to not knowing the
input data to a high accuracy and the general loss of significance in co-ordinate
transformation. If the lattitudes of the vehicle and radar do not differ greatly

the results are valid. The use of the program in long range satellite problems

without modification could introduce considerable uncertainty in the results,
PROGRAM '"TRAJAN"

Computer program ''TRAJAN" has been prepared to implement the trajectory analysis.
This program has a general flexibility over the Wallops Island-Bermuda Range in that
a built~in coordinate transformation capability allows data taken from one radar site
to be compared to data taken from any other site. The program accuracy has been
determined to be sufficient for analysis of Scout sub-orbital flights., A simplified
logic diagram is shown in Fig. I-2. A program listing is shown in Appendix III.

Co-ordinate Transformation

The Co-ordinate Transformation is easily handled by putting the R, 6, ¢ com-

ponents of the slant range vector into an i, j, k system oriented to the local

geodetic horizontal. This il, jl’ k1 system is then rotated through the transfor-
mation matrix
R ] N
RXl rki
1
Ry2 = Long. Lat. le

LRzl | R

—

L

into an earth-centered cartesian system. To account for differences in the earth's
radius vector at various latitudes, the slant range vector is solved in the earth
centered system according to the vector relationm,

R,+R =R _+R

1 e 2 e

1 2
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Input - Input ~ Input -

Vehicle Spatial  Lat/Long/Earth's Radius, Vehicle Altitude
Orientation For Vehicle and Radar Above MSL
Posit
| Subroutine RETAT Subroutine MATMP
Tr te Body Set up Coordinate b—e=| Compute Radar
Axfs to Radar Transformation Line-of-Sight
Site
v 10S
[Campute Componentd Compute (hupmnt-l
l;f Body Axis in S =T - 108 of Line-of-Sight
adar Local Coord in Radar Locs
nate System Coordinate System|

I, T I

Kompute Componentd o]

n ¢ N utput: Slant
lof Body Axis Nor- ompu ; Range Elevation
pal to 10X 2= £(EPS"Y Azimuth

| ]

Cutput Horizontal

& Vertical Compo-

pents of "E' Vec~ Alpha
tor

Output

Fig. I-1. Simplified logic diagram for "ALPHA."

Table I-1, Alpha Input Variables
Q2 - longitude of radar tracking station in degrees, positive
west from Greenwich

GD2 - latitude of radar tracking station in degrees, positive
in northern hemisphere from equator

RE2 - length of earth’'s radius vector at radar station plus
altitude of station above mean spheroid in feet

N - number of vehicle positions to be considered
TIME - elapsed time in seconds from 1iftoff

PSI - headling of vehicle longitudinal axis in degrees measured
clockwise from north on geodetic horizoutal plane

THET - angle between vehicle longitudinal axis and geodetic
horizontal plane in degrees, positive up

ALT - vehicle altitude shove the mean spherold in feet

Ql - longitude of vehicle in degrees, positive west from Green-
wich

D1 - latitude of vehicle in degrees, positive in northern
hemiaphere

RE! - length of earth radius vector at vehicle position in feet
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or for more accurate results

where the vectors are shown in Fig. I-3,

The new vector R, is rotated from the earth centered system to a local horizon-

2
tal system (i2, j2, k2) by the transformation matrix
> 7] r"‘l
R, R
i, T T X,
R, = Lat. Long. R
12 Y2

sz_ | R,

The curvalinear radar co-ordinates at the new site may be solved for using simple
trigonometry.

Statistical Analysis

The statistical analysis portion of the trajectory program is straightforward
with one exception. The simple statistics (mean and standard deviation) are es-
timated as a function of time. To do this it is necessary to achieve a small sample
size so as to prohibit the time dependence from entering the calculation. A sample
size of 10 has been chosen. This sample interval is then allowed to slide along
the trajectory and generate a statistical envelope as a function of time. While
not a typical method of analysis for dealing with a time varying process, it rep-
resents a sufficient method for'obtaining a reasonably good error envelope with a
minimum of data analysis. (The computation of a true set of ensemble statistics

would represent a vast undertaking due to the data reduction required.)
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Tnput Actual Transforn To
Radar Track

Dats -
(Range /A7 /E1)
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I1f Desired

Output
Compute ) v
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Jictual Track =1 Statiscical J~==o .:;‘;Me‘v:"!
jAnd ACQ Ald ”
Date Analysis rime

Transform To
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feetnd New Location
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Fig. I-2. Trajectory analysis logic diagram.

vehicle
< vosition

site IT -
predicted error
dats required

site I - recorded
data available

Fig. I-3. Geometry for coordinate transformation.
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PROGRAM "ALPHA™

PROGRAM TO COMPUTE ASPECT ANGLE vS. TIME FHOY 40DY MOTION DATA

THIS PROGRAM ASSIGNS UNIT VECTORS YD THE SPATIAL ORIENT-
ATION OF THE MISSILE LONGITUDINAL AXIS AND THE RADAR
CINE-OF-S1GRT. THE ASPECT ANGLE IS COMPUTED oS THE ANGLE
BETHEEN TWESE TWD UNIT VECTORS.

DIMENSION AC5,3).8(3,3),A2(3,3),B1(3,31.C1(3,3).C(3,3),DELTALI)
READ 2,02,GD2,RE2,N
FORMAT(2F11.5,F14.2,13)

U2=02%.0174533

6D226D2+=.,0174533

DO 335 K=1.N

READ 400,VIME,PSI,THET,ALT,01,GD1,RADV
FORMAT(F6.1,2F9.3,F11.1.2F10.5.F12.1)
GD1=GD1+.0174533

Q01=41+.0174533

RE1 = RADV-ALT

SET UP MATRICES TO TRANSFORM COORDINATE SYSTEWS

TEMP1=SIN (01)
TEMP2=CO0S (uWl)
TEMP3=SIN (U2)
TEMP4=C0S (W2)
TEMP5=S]8 (GD1)
TEMP6=COS (GD1)
TEMP7=SIN (LD2)
TEMPB=COS (GDe?

i,

0
A{1,1)=TEMPLeTENPY
A(L1,2)2TEMPZ
Al1,3)=0
A(2,1)=TEMP2eTENPY
AlL2,2)=TEMPLSTEMPY
Al2,3)=
AL3,2)=0
AC3,2)=
AC3,3)=1,
B8(1,11=TEMPS
8(1,2)=0
Bl1,3)=TEMPOeTENPY
8(2,1)30
8(2,21=1.
8(2,3)=0
B(3.,1)=TEMPe
83,2320
B8(3,3)=TEMPS
AL(1,1)=TENPT
A1(1,23=0
A1(1,3)=TEMP8
AL{Z, 13-
Aitg.2¥=1,
A1(2,3)=D
A1(3,13=TEMPR=TEMPY
A1(3,2)=0
AL(3,3)=TEMPT
B1(1,1)=TEMP3I=TEMPY
81(1,2)=TEMF4«TEMPY
B1(1,3)=0
81(2,1)=TENPS
B1(2,2)=TEMP3«TEMPY
81(2,3)=20
81¢(3,1)=0
B1(3,2)=
B1¢3,3)=1,

MATMP [3 A SUBROUTINE WHICH MULTIPLIES W3 4aATRICES

CALL MATWP(3,3,C ,A,8)
CALL MATHP(3,3,.C1.,A,81)
RE1X=RE1*TEMPEeTENP]
RELY=RELeTEMPG®TEMP2
RE1Z=RE1eTEMPS
REZX=REZTEMPE®TENPI
RE2Y=RE2¢TEMPE* TENP4
RE2L=RE2¢TEMPT
DELTA(1)=REL1X-RE2X
DELTA(2)=RELY-RE2Y
DELTA(3)=RELL-RE2Z

ROTAT IS A SUBROUUTINE WHICH ROTATES A CO-ORDINATE SYSTEM

CAL. ROTAT(FSI,THET,1.0,C.C1,PSI2,ATHET,RANG2)
P512:zP5120,0174533

ATHET=ATHET® 0174533

Viz COS(ATHET )eCOS(PS12)

VJs COSCATHET )eSIN(PSI2)

VK= SINCATHET )

-166-

APPENDIX T - 2



c TRANS 1S A SUBROUTINE WHICH COMPUTES THE LINE OF SIGHT VECTOR

CAL. TRANSC 0,0, 90.0,ALT,C,C1,THET2,PHI2,RANG3,DELTA(1),DELTA(2),
1DELTA(3))

RLOSI=COS(PHI2®,0174533)C0S(THET2»,0174533)
RLOSJsCOS(PHI2® ., 0174533} #SIN(THET2e,0174533)
RLOSK=SIN(PHI2¢,0174533)

EPSIz VI-RLOS]

EPSJz Vy-RLOSY

EPSKx VK-RLOSK

EPS5Q 2 EPS][#e2 +EPS #e2 +EPSKese?

ALPHA 1S THE ASPECT ANGLE MEASURED FROM THE VEHICLE NOSE

ano

ALPHA=Z2,®ATAN(SORT((EPSSQ)/(4,-EPSSQ)) )/, 0174583
ALPHA=Z180,-ALPHA

POLVEK IS A SUBROUTINE WHICH COMPUTES THE HORIZONTAL AND VERTICAL
COMPONENTS OF THE ELECTRIC FIELD VECTOR
CALL POLVEK(VI,VJ, VK, THET2,PHI2, HVEK,EVEK, URAD}
CORREC=1,/SUNT(HVEK##2+EVEK##2)
THRVEK=CORREC*HVEK
TEVEKsCORREC#EVEK
1F(K-1)69,69,71
69 PRINT 70
70 FORMAT(4X,5H TIME.4X,6H ALPHA,6X,6H RANGE,3X,4H PHI,4X,6H THETA,
14X,6H VCOMP,2X,6H HCOMP)
71 PRINT 72, TIME,ALPHA,RANG3,PHI2,THET2, TEVEK, THVEK
72 FORMAT(4X,F5.0,3X,F7,0,3X,F10.1,2F9,3,3X,F5.2,38X,F%5,2)
335 CONTINUE
STQP
END

[3XzX3]

SUBROUTINE MATMP(M,N,C,A,B)
DIMENSION A¢3,37,8(3,3),C(3,3)
M=M

N=N

DO & [=21,M

DO & Jz1.N

Cil, 0120

DO 6 Kz1,M

Cel,0)sCl JleAt],KIeB(K,J)
CONTINUE

RETURN

END

OV b LN

SUBROUTINE KOTAT(THET1,PHI1,RANGY,C1,C2,THET2,”A[2,RANG2)
DIMENSION RIJK(3),RXYZ(3},C1(3,3),C2(3,3),RIJKZ(3)
PHi2aPHI2
RANG2=RANG2
THETL = 360.-THETL
TEMP1=C0S (THET1#.0174533)
TEMP22(0S (PH]11%.0174533)
TEMP3=SIN (THET1#,.0174533)
TEMP4=SIN (PH[1#.0174533)
2 RIJK(1)=RANGL1eTEMPReTEMPL
RIJK(2)sRANGL+TEMPR#TEMP]
RIJUK(3I=RANGLeTEMP4

-

3 DO 30 1=1,3
RXYZ(])s=
DO 30 K=1,3
30 RXYZ([)=RXYL([)eCLO],K)®R]IKIK)
DO 40 I=1,3
RIJK2(1)=0
DO 40 K=1,3
40 RIJK2C(I)2RIJK2(1)eC2(],KI#RXYZ(K)
S RANG2 = SQRT ( RIyK2 ( 1 ) *#2 o RIJK2 ( 2 ) se3 o RIYKZ ( 3 )
1 se2 )

[F(RIJK2(1)710,12,14
10 IF(RIJK2(2))18,20,18
18 THET2=2180, +ATAN(RIJK2(2)/R1JK2(1))/, 0174538
GO T0 15
20 THET2=180.
GO TO 15
12 IF(RIJK2(2))24,26,28
24 THET2=z270,
GO T0 15
26 PH12290.
THET2=0,
GO To 11
28 THET2:90
GO T0 15
14 [F(A[UK2(2))32,34,36
32 THET2:360.¢ATAN(RIJUK2(2)/RIJK2(1))/,0174538

GO T0 15

36 THET2 = ATAN (RIJK2(2)/R1JK2(1}) /,0174533
GO 10 15

34 THET2:0.
GO 10 15

15 PHI28(RIJK2(3)/S0RT (RIJK2(1)we24RIIK2(2)%e2))
[F(PHI2##2-.,00004)101,101,100

103 PHI220.0
GO 10 11

100 PHI2=ATAN(PHIZ2)/.0174538

11 CONTINUE

THET12360,-THETL
THET2=360,-THET2
CONT INUE
RETURN
END
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PROGRAM "TRAJAN"

DIMENSION A(3,32,8(3,3),A2(3,3),B1¢3,3),C1¢3,3),¢c (3.3),DELTA(I).
1TIMEC200),DATA(100,33,DATA1(200,3).DATA2(200,3),EP5(100,3),RIUK(S)
2,RXYZ(3)AVER(3),SIG(3),5UM(3),SuUNSQ(3)

1 READ 2,01,02,G01,6D2,REL,.RE2 ,KODE

KODEZKODE

2 FORMAT ( 4F11,5,2E14.8,13 )

CONVERT ANGLES FROM DEGREES TO RaDIANS

$ 01=01+.0174533
02 = U20.0174533
GU1=26GD1e.0174533
GD2=GD2~.0174533

SET UP MATRICES TO TRANSFORM COORDINATE SYSTEMS

30 TeMmPizSIN (Q1)
TEMP2=COS (41)
TEMPI=SIN (U2)

w2y
TEMPS5=SIN (GD1)
TEMP62C0S (GD1)
TEMP7=SIN (GD2)
TeMPB=C0S (GD2)
TEMP9=-1.0

31 Al1,1)=TEMPLETENPD
ALL,2)=TEMP2

EMPZeTENPY
A(2,2)=TENPLSTENPY
A(2.3)=0
Al3.12=0
AL3,2)=20
A(3,3)=1,
8(1,1)=TEMPS
8(1,2)s0
8(1,3)=TEMPORTEMPY
B(2,1)=0
8(2,2)=1.

B(2.3)=0

8(3.,1)=TEMPS

8(3,2)=

B(3,3)=TEMPS

PRINT 310, ((A (1,J),J%21,32,1=1,3?

PRINT 310, (B (1,J),J=1,3),1=1.3)
310 FORMAT(3F10.5)

Aiii,13=TENPY

A1(1.,2)=0

A1(1,3)=TENkE

A1(2,12=0

Al(2,2)=1,

A1(2,3)=0

A1(3,1)=TEMPBeTEMPY

A1(3,2)=0

A1(3,3)=TENPT

81(1.1)=TEMP 3« TENPY

81(1,2)=TENP4=TENPY

814(1,3)=0

81(2,1)=TEMP4

B1(2,2)=TEMF3IeTENPG

81(2,3)=0

B1(3,11=0

B1(3,2

81(3.,3)=1.,

PRINT 310, ((a1(l.J),Jd=1,3).121,3)

PRINT 310, ((81(1,4),421,3),151,3)

MATHP [S A SUBROUTINE WHICH MULTIPLIES 1W) MATRICES

34 CALL MATMP(3,3.C ,A.8)

35 CaLi MATMP(3,3,C1,A1,81)

PRINT 310, ((C (i,J),d4%1,3),121,3)
PRINT 310, ((C1(1,J),J=1,3),121,3)
RELX*RE1eYEMPOeTEMPL
RE1Y=RE1STEMPOe TEMP2
RE1Z=RELeTEMPS
RE2X=RE2+TEMPBe TEMP3
RE2YTRE2eTEMPReTENP4
RE2Z=RE2eTENPY

DELTA(1)=RELX-RE2X
DELTA(2)sRE1Y-RE2Y
DELTA(3}=HELL-RE2Z

Fy

v

INPUT RADAR AND PREDICTION DaTa--RADAR DaTa [S ODD SUBSCRIPVED

i=0

I=1e1

REaD 9. TIMECTI),(DATALCI, ), 21,3
FORMAT ( F10.0.£14.6,2F11.4 )

10 IFC(TIMECI)I1L,21,7

11 XOUNT=]l-1

omN o

1F XOpDE IS POSITIVE., PERFORM STATISTICAL ANALYSIS ON INPUT

100 PRINT 101

101 FORMAT(5X,54 TIME.3X,7H RANGEL1.5X, 71 RANGEZ.4X.74 THETAL,3X,
171 THETA2,4X,54 PHIL1,5X,8H PNI2)

13 DO 17 121,KOUNT

14 RaNG1xDATAL(],1)
THETL=DATAL(],2)
PuE1=DATAL(],3)
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SUBROUTINE POLVEK(VI,VJ, VK, THET2,PHI2,HYEK,EVEK, URAD)
THET2:2360,-THET2

THET2=THETZ2#(.0174533)

PHI2=PH12#(.,0174533)

URADECOS (PHI2)#COS(THET2)#V] +COS(PHI2) ®SIN(THEI2)eVJ+SIN(PHIZ) VK
HVEK=COS(THET2) #VJ-SINITHET2)eV]
EVEK:CDS(PHIZ)'VK-S]N(PN]2)'SlN(THETZ)'VJ-S]Y(PH]Z)'COS(THEYZ)OVI
THET2=THET2/(,0174533)

PH122PH]2/(.0174533)

THETZ2=360.-THET 2

RETURN

END

SUBNDUTINE THRANS(THET1,PH11,RANG1,C1,C2,THET2,PHI2,KANG2,X,Y,2)
DIMENSION RIJK(3),RXY{(3),C1(3,3),C203,3),RIJK2(3),DELTALS)
DELTA(L) =X

DELTAC2) =Y

DELTA(S) =g

PHlz=PHI2

RANG2=RANG2

THET1 = 360.-THETL

TEMP1=COS (THET1e,0174533)

TEMP2=COS (PHI1e,017453%)

TEMP3=SIN (THET1#,01745383)

TEMP4=SIN (PHI1%,0174533)

RIJC(L)=RANGLI#TEMPReTEMPY

RIJK{ZI=AANGLlaTEMP 2 TEMP3

R1JC(3)=RANGL1®TEMPA

DO 30 1=1,3

RXYZ{1)=0

DO 30 K=1,3

RXYZ(I)2RXYL(1)+C1(1,X)R{JK(K)

D0 39 I=1,3

39  RXYL

[

S

“

s

€]} « DELTA € 1)

DO 40 %=1,3
40 RIJK2(I)sRIIKZ2(I)+C2(1,K)#RXYZ(K)
S RANG2 = SO0RT ( RIJK2 ( 1 ) 82 + RIJK2 ( 2 ) #*s2 + RIgk2 ( 3 )
1 ##2 )
IF(RIUKZ2(1))10,12,14
10 [F(RIJK2(2))18.20,18
18 THET2=180,+ATAN(RIJK2(2)/RIJK2(1))/.,0174533
G0 T0 15
20 THET2:180.
GO T0 15
12 IF(RIJINZ(Z))24,26,28
24 THET2=270,
GO 10 15
26 PHl¢=90,
THET2=20,
Gu 10 11
28 TrET2=94
GO T0 15
14 [F(<1JK2(2))82,34,36
32 THET2=360,+ATAN(RIJK2(2)/KIJK2(1))/,0174538

GO TO 15

36 THETZ = ATAN (RIJKZ2(2)/RIJ4K2(1)) /7,0174533
GO T0 15
34 THETZ2=0.
GG 70 15

15 PHIZ=(RIJKZ(3)/SART (RIJK2(1)*e2+RIJKR2(2)202) )
[F(PHl2ee2-.00004) 101,101,108
101 PH!lZ=0.0
G0 T0 11
100 PHIZ=ATAN(PHIZ)/.0174539
11 CONTINUE
THET1=360,-THETL
THET2=360.-THETZ
CUNTINUE
RETURN
END
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20

12
24

26

28

14
32

36
34
15

i01

100
11

96
97

98

THET2=180,

GO TO 15
[F(RIJN2(2))24,26.28
TugT23270.

GO0 TO 15

PH12:290,

THET2=0.

60 70 11

THET2:290

G0 10 15
IF(RIJK2(2))32,.34,36
THET22360 . +ATAN(RIUK2(2)/RIJK2(1}1/,0174533
G0 TO 15

THET2 = ATAN (RIJK2(2)/R1JK2(1)) /,0174533
60 Y0 15

THET220.

GO T0 15

Prl2=2(RIJK2(3)/SQRT (RIUK2(1)ee24RIUK2(2)ee2))

1F{PH]2ee2-.000047101,101,100
PH1250.0

60 TD 11

PHI2=ATAN(PHIZ2)/, 0174533
CONTINUE

THET1=360.-THETL
THET2=360,-THET2

CONTINUE

PRINTS7, TEHPI,TENPZ,YEHPS,TEHP‘.RANGl.RANGZ,V4ETI.THET2.PR]1,PNI2

FORMAT (F10.7,3F10.4,2612.4,4F10.4)

PRINT 9B,RXYZ(1),RXYZ(2),RXYZ(3),RIIK2(1),RIJK2(2),RIIN2(I).
1 k1IJK(1)RIJK(Z)RIIK(D)

FORMAT (E12.%5)
RETURN
END
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IF(KODE)15,15,18
18 RANG2:RANG1
THET2:THET1
PH12=PHIL
GO TO 96
15 CALL TRANS(THET1,PHI1,RaANG1,C ,C1,THET2,PH12,RANGZ,DELTA(L),
1 DELTA(R),DELTA(3) }
96 PRINT 97, TIME(I),RANGL,RANG2, THETL, THET2,PHIL, PH[2
97 FORMAT(4X,F7.2,2F12.1,4F10.4)
16 DATA([,1)=KANG2
DaTa2(],2)=THET2
17 DATA2(I,3)=PHI2

CALCULATE MEAN AND STD, DEV, FOR STARTING SE! OF DATa

K=l
21 DO 23 1= 1,KOUNT,2
¢2 D0 230 J=1.9
EPS{K,4)=DATA2(L, y)-DATAR(]+1,4)
230 CUNTINUE
23 K=Kel
24 PRINT 25
25 FORMAT( B6H- TIME RANGE
1 THETA PRI )
26 PRINT 27
27 FORMATI 97HO EPSILON MEAN SIGMA EPSILON
1 MEAN SIGMaA EPSILON MEAN S1GMA )
L=0
398 LL=2eL
399 IF( L-KOUNT)400,401.401
400 CUNTINUE
K=10
DO 66 J=1.3
SuM(=0
SUMSQ{J)I=0
DO 66 1=1,K
M=L+1]
DATAC),JIZEPS(M,J)
XK=K
SUM(J)=SUMCUI+DATALL, )
SUMSQ(J)=SUMSQ{J) +DATA(],J)*e2
AVER(JI=SUMIJ) /XK
SIG(JI=SART((SUMSOIU)Y ~SUM{J) wa2/XK)/XK)
66 CONTINJE
Nz2#(L+K)
LNz Le2%K
IF(LN-KQUNT 402,402,403
402 PRINT 355,TIHE(N),KDATAIK,J),AVER(J),SIG(J),J:1,3)
335 FORMAT(3X,F7.2,4X,3F9.0.2X,F7.2,3%,2(F7.2:2X),8(2%,F7.2))
403 CONTINUE
L=L+l
GO TQ 398
COUNTINVE
END

40

-

SUBROUTINE MATMP(M,N,C,A,B)
DIMENSION A(3,3),8(3,3),C(3,3)
M=M

DO 6 K
CCl,U=COI,deal],KI®BIK,J)
CONTINUE

RETURN

END

oV aGLnNF

SUBROUTINE TRANS(THET1,PHI1,RANG1,C1,C2,THET2,”H[2,RANG2,X,Y,2)
DIMENSION RIJKCS),RXYZ(3),C1(3,3),C2(3,3),rIJK2(3),DELTACS)
DELTA(1)=X
DELTAt)=Y
DELTA(3) =7
PHIZ2=PHI2
RANG2:RANG2
THETL = 360.-THET1
TEMP1:C0S (THET1#.0174533)
TEMP2:C0S (PHI1%,0174533)
TEMP3=SIN (THRT1e,0174533)
TEMP4:SIN (FH[1e,0174533)
RIJK(1)z=RANGLI*TEMP2#TEMPY
RIJK(2)=RANG1«TEMP2eTEMP3
RIJK(SIZRANGLeTEMP 4
PRINT 6, ((Cl(],4),J81,3),1%1,3)
PRINT 6, C((C2(]1,J),J21,3),1:1,3)
FURMAT(SF10.5)
pu 30 i=1,4
RXYZ(1)z0
pu 30 K=1,3
50 RXYZUIIZRXYL([)I+C1L, KI®RIIK(K)
PRINT S1, NXYZ(1),RXYZ(Z2),RXYZ(3)
31 FURMAT(3E12.5)
pu 39 I=1,3
39 RxYZ (1) =
vU 40 121,38
H1Jk2t1)=0
DO 40 X=1,3
40 RIJK2(D=RIJK2EII«C2UL,K)RXY LK)
5 RANG2 = SURT t RIJKZ (1) e#2 « RIUK2 ( 2 ) »e2 « RIYK2 ¢ 3 )
1 se2 )
IF(RIJK2(1))10,12,14
10 IF(RIJK2(2))18,20,18
18 THET2:180, *ATAN(RIJK2(2)/RIJK2(1))/,0174533
GO TO 1%

"

[N}

(-3

>

RKYZ €1 ) « DELTA (1)
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APPENDIX J. RAM-C TRAJECTORY DATA

The data necessary to construct the radar cross section and telemetry gain time

histories are included in this appendix. Included are

Trajectory vs Time
Aspect vs Time

RCS vs Aspect

Telemetry Gain vs Aspect
RCS vs Time

Telemetry Gain vs Time

The aspect angle is computed from the trajectory data as described in Appendix
I. The gain and cross section versus aspect functions are empirical and were de-
rived as discuss in appendices A and E. The cross section and gain time histories
are then easily generated by simple cross plotting. This was accomplished by form-
ulating an array searching computer program ('SORT"). This program is of interest

academically and is not further discussed in this document.
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164.0

acs RANCE
®R>1¥2)  (FT)

-7.5
7.7
7.9
-8.1

3371391.8
3363951.8
3356399.8
3349015.8
3341591.8
3334303.8
3326775.9
3319431.7
3311927.7
3304567.8
3297231.9
3289687.6
3282407.8
3274927.8
3267631.8
3260319.8
3252967.8
3245567.7
3238199.9
3230823.8
3223559.8
3216199.8
3208983.8
3201767.9
3194599.8
3187327.8
3180047.8
3172807.8
3165583.8
3158327.8
3151135.9
31440712.9
3136831.8
3129623.8
3122447.8
3115271.9
3108087.8
3101031.8
3093775.8
3086687.8
3079631.9
3072303.8
3065095.9
3057807.9
3050543.9
3043135.8
3036007.8
3028703.8
3021439.9
3014263.8
3007055.8
2999887.8
2992687.8
2983391.8
2978191.9
2970935.8
2963783.8
2956615.9
2949399.9
2942247.8
293%003.0
2927919.8
2920935.8
2913639.9
2906583.9
2899335.8
2892279.8
2885055.8
2877999.9
2870863.9
26863799.9
28564958
2849439.8
2842247.8
2635151.9
2827895.8
2820687.8
2813751.9
2806447.8
2799279.9
2792215.8
2785143.8
2777943.8
2770775.9
2763783.9
2756591.9
2749591.9
2742511.8
2735375.8
272839%.8
2721351.8
2713879.9

RAM-C RADAR CROSS SECTION VS TIME

aCS RANGE
OBIM2Y  (FT)

-12.8
~12,4

-8.0

-9.0
-9.1

-8.6

2706607.8
2699343, 9
2691999.9
2684807.8
2677487.8
2678167.9
2662895.9
2655511.8
2648279.9
2641023.8
2633703.8
2626415.8
2619207.6
2611967.8
2604695.9
2597495.9
259p335.8
2583079.9
2575847.8
2568767.9
2561687.9
2554639.9
2547735.9
2540607.9
2533599.8
2526559.8
2519631.8
2512567.8
2505663.8
2498351.9
2491159.9
2483855.8
2476615,9
2469439.8
2462287.9
2455023.8
2447751.8
2440551.8
2432279.9
2424007.8
2415759.9
2407567.8
2399335.8
2390391.9
2381455.8
2372439.8
2363575.9
2354615.9
2344767.9
2334679.8
2325063.9
2315215.8
2305439.9
2294567.9
2283727.8
2272919.8
2262079.8
22514238
2238535.8
2225759.8
221108588
2200311.8
2187655.9
2172511.9
2157391.9
2142583.9
2127407.9
2112311.9
2097199.9
2082179.9
2067175.8
2052207.9
2037263.8
2022219.8
2007275.9
1992335,9
1977383.8
1962487.9
1947575.9
1932679.8
1917759.8
1902871.8
1888027.9
1873331.9
1858339.9
1843523.8
1828611.8
1813963.8
1799295.9
1783819.9
1768467.9
1752995.9
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339.0
340.0

RCS  RANGE
M) (PT)

-7.9
=7.5

1737647.8
1722855.9
1708175.8
1693523.8
1678967.9
1664255.9
1649775.8
1635231.9
1620763.8
1606315.9
1591931.9
1572647.9
1553291.9
1534035.9
1514775.8
1495715.9
1476547.9
1457483.8
1438415.8
1419467.9
1400503.8
1379283.9
13583191.9
1337199.9
1316271.9
1295383.9
1274663.9
1254035.9
1233475.%
1213063.9
1192831.8
1172643,8
1152555.9
1131087.8
1109779.9
1088743.9
1067631.8
1047135.9
1026719.9
1006547.9
986584.0
W66978.0
947616.0
926754.0
906376.0
866160.0
866452.0
846988.0
82B060.9
B809440.0
791400.0
7736814.0
756804.0
740318.9
724450.0
708508.0
693322.0
&7BB2B.0
665114.0
£52298.0
640436.0
629372,0
$19328.0
610324.0
602532.0
597558.0
593636.0
590788.0
589186.0
588572.0
589014.0
590730.0
593420.0
597266.0
602174.0
606676.0
612154.0
618566.0
625932.0
634290.0
643566.0
653562.0
664430.0
676046.0
688454.0
696894.0
705592.0
714542.0
723804.0
733200.0
742886.0
752794.0

{(sEC)
417.0

451.0
452.0

489.0

508.0

RANGE
1)

762898.0
773222.0
783732.0
787096.0
790490.0
793944.0
797406.0
800842.0
804320.0
807630.0
811356.0
814836.0
818454.0
619532.0
820548.0
B821646.0
822706.0
823846.0
824938.0
826070.0
B27184,0
828222.0
829312.0
829832.0
830350.0
B30692.0
831318.9
831772.0
832328.0
B32836.0
8332%0.0
B8338316.0
834290.0
834514.0
8347660
834958.0
835194.0
B35366.0
835528.0
835768.0
835962.0
836132.0
836406.0
836530.0
B836746.0
836648.0
837040.0
837188.0
837366.0
B37488.0
837656.0
837838.0
B8379014.0
837934.0
838052.9
8368018.0
838104.0
838112.0
B38z26.0
838248.0
838340.0
EETELIONT]
83B83D4.0
838382.0
838342.0
838400.0
8383806.0
838320.0
838372.0
838416.0
B838380.0
838352.0
838320.0
838402.0
83p372.9
838426.0
838480.0
838452.0
838480.0
838528.0
838506.0
838506.9
838480.0
838480.4
B838454.0
B38446.0
838430.0
838402.0
838396.0
838370.0
838372.0
838354.0
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X-BAND TELEMETRY ANTENNA (VEHICLE) GAIN VS TIME

T
e gf)’ 'g:ﬁ) cam RANGE TDE GAIN RANGE TDE GAIN RANCE
(@B) FT) {SEC) (0B) (FT) (SEC) (DB) (FT)
141.0 3371391.8 233.0 -9.3  2706607.8 325.0 -12.8  1737647.8 417,0 -4.8 762898.0
142.0 3363951.8 234.0 -9.0  2699343.9 326.0 -12.3  1722855.9 418.0 -4.6 773222.0
143.0 3356399.8 235.0 -8.7  2691999.9 327.0 -11.8  1708175.8 419.0 -5.0 783732.0
144.0 3349015,8 236.0 -8.2 2684807.8 328.0 -11.3  1693523.8 420.0 -5.1 787096.0
1450 3341591.8 237.0 ~7.9  2677487.8 329.0 -10.8  1678967.9 421.0 -5.3 790490.0
146,0 3334303.8 238.0 -7.8  2670167.9 330.0 1664255.9 422.0 -5.3 793944.0
147.0 3326775.9 239.0 -7.7  2662895.9 331.0 1649775.8 423.0 -5,5 797406.0
148.0 3319431.7 240.0 -7.5  2655511.8 332.0 1635231.9 424.0 -5.3 800842.0
149,0 3311927,7 241.0 -7.4  2648279.9 333.0 1620763.8 425.0 -5.2 804320.0
150.0 3304567.8 242.0 -7.4  2641023.8 334.0 1606315.9 426.0 -5.0 807830.0
151.0 3297231.9 243.0 -7.3  2633703.8 335.0 1591931.9 427.0 -4.7 811356.0
152.0 3289687.8 244.0 -7.2  2626415.8 336.0 1572647.9 428.0 -4.5 814836.0
153.0 3282407.8 245.0 -7.2  2619207.8 337.0 1553291.9 429.0 -4,4 818454.0
154.0 3274927.8 246.0 -7.2  2611967.8 338.0 1534035.9 430.0 -5.0 819532.0
155.0 3267631.8 247.0 -7.2  2604695.9 339.0 1514775.8 431.0 -5.5 820548.0
156.0 3260315.8 248.0 =7.1  2597495.9 340,0 1495715.9 432.0 -5.2 821646.0
157.0 3252967.8 249.0 “7.1  2590335.8 341.0 1476547.9 433.0 -4.9 822786.0
158.0 3245567.7 250.0 -7.1  2583079.9 342.0 1457483.8 434.0 ~4.7 823846.0
159.0 3238199.9 251.0 -7.2 2575847.8 343.0 1438415.8 435.0 -4.6 824938.0
160.0 3230823.8 252.0 “7,2  2568767.9 344.0 1419467.9 436.0 -4,5 826070.0
161.0 3223559.8 253.0 ~7.4  2561687.9 345.0 1400503.8 437.0 -4.9 827184.0
162.0 3216199.8 254.0 -7.4  2554639.9 346.0 1379283.9 438.0 ~5.4 828222.0
163.0 3208983.8 255.0 -7.4  2547735.9 347.0 1358191.9 439.0 ~7.0 829312.0
1684.0 3201767.9 256.0 =7.5  2540607.9 348.0 1337199.9 440.0 <9.5 829832.0
165.0 3194599.8 257.0 -7,5 2533599.8 349.0 1316271.9 441.0 -5.5 830350.0
166.0 3187327.8 258.0 -7.5  2526559.8 350.0 1295383.9 442.0 -5.1 830892.0
167.0 3180047.8 259.0 -7.5 2519631.8 351.0 1274663.9 4430 -6.2 831318.0
168.0 3172807.8 260.0 -7.5 2512567.8 352.0 1254035.9 444.0 “5.6 831772.0
169.0 3165583.8 261.0 ~7.5  2505663.8 353.0 1233475.9 4450 -2.8 832326.0
170.0 3158327.8 262.0 -7,5 2496351,9 354.0 1213063.9 446.0 -2.0 832836.0
171.0 3151135.9 263.0 -7.5  2491159.9 355.0 1192831.8 447.0 -3.3 833290.0
172.0 3144071.9 264.0 ~7.5 2483855.8 356.0 1172643.8 448.0 -2.5 833616.0
173.0 3136831.8 265.0 -7.4  2476615.9 357.0 1152555.9 449.0 -.9 834290.0
174.0 3129623.8 266.0 ~7.4  2469439.8 358.0 1131087.8 450,0 -.6 834514,0
175.0 3122447.8 267.0 -7.2 2462287.9 359.0 1109779.9 451.0 -2.1 834766.0
176.0 3115271.9 =7.1  2455023.8 360.0 1088743.9 452.0 -3.7 834958.0
177.0 3108087.8 =7.1  2447751.8 361.0 1067831.8 453.0 -3.6 8351940
178.0 3101031.8 =7.1  2440551.8 362.0 1047135.9 454.0 -2.3 835366.0
179.0 3093775.8 ~7.2  2432279.9 363.0 1026719.9 455.0 -4.1 835528.0
180.0 3086687.8 ~7.2 2424007.8 364.0 1006547.9 456.0 -4,3 835768.0
181.0 3079631.9 ~7.2  2415759.9 365.0 986584.0 457.0 -2.1 835962,0
182.0 3072303.8 -7.2  2407567.8 366.0 966978.0 458.0 -3.3 836132.0
183.0 3065095.9 -7.3  2399335.8 367.0 947616.0 459.0 -3.9 836406.0
184.0 3057807.9 =7.3  2390391.9 368.0 926754.0 460.0 -3.5 836530.0
185.0 3050543.9 -7,3  2381455.8 369.0 906376.0 461,0 -4.5 836746,0
186.0 3043135.8 -7,3  2372439.8 370.0 886160,0 462.0 -4.0 836648.0
187.0 3036007.8 -7.4  2363575.9 371.0 866452.0 463.0 -2.9 837046.0
188.0 3028703.8 =7.4 2354615.9 372.0 B46v86,.0 464.0 837186.0
189.0 3021439.9 =7.5 2344767.9 373.0 828060.0 465.0 837366.0
190.0 3014263.8 -7.5 2334879.8 374.0 809440.0 466.0 837488.0
191.0 3007055.8 -7.5  2325063.9 375.0 791400,0 467.0 857658.0
192.0 2999887.8 -7,6  2315215.8 376.0 773814.0 488.0 837538.0
193.0 2992687.8 ~7.6  2305439.9 377.0 756804.0 469.0 837914.0
194.0 2985391.8 =7.7  2294567.9 378.0 740318.0 470.0 837934.0
195.0 2978191.9 ~7.7  2283727.8 379.0 724450.0 4710 838052.0
196.0 2970935.8 -7.8  2272919.8 380.0 708508.0 472.0 838018.0
197.0 2963783.8 -7.8  2262079.8 381.0 693322.0 473.0 838104.0
198.0 29%6615.9 ~7,8  2251423.8 382.0 678626.0 474.0 838112.0
199.0 2949399.9 -7.9 2238535.8 383.0 665114,0 4750 838226.0
200,0 2942247.8 -8.1  2225759.8 384.0 652298.0 476.0 838248,0
201.0 2935063.8 -8.1  22130%55.8 385.0 640436.0 477.0 838340.0
202.0 2927919.8 -8.2 2200311.8 386.0 629372.0 478.0 838340.0
203.0 2920935.8 -8,4  2187655.9 387.0 619326.0 479.0 838304,0
204.0 2913639.9 -8.4  2172511.9 388.0 610324.0 480.0 838382.0
205.0 2906583,9 ~8,4  2157391.9 389.0 602532.0 481.0 838342.0
206.0 2899335.8 -8.5  2142383.9 390.0 597556.0 482.0 638400.0
207.0 2892279.8 ~8.5 2127407.9 391.0 593636.0 483.0 8383566.0
208.0 2685055.8 300.0 -8.7  2112311.9 392.0 590788,0 484.0 638320,0
209.0 2877999.9 301.0 -8.7  2097199.9 393.0 589166.0 485.0 838372.0
210.0 2870863.9 302.0 -8,9  2082179.9 394.0 588572.0 486.0 838416.0
211.0 2663799.9 303.0 -9.0 2067175.8 395.0 589014.0 487.0 838380.0
212.¢ 2056495.8 304.0 -9.2  2052207.9 396.0 590730.0 488.0 838352.0
213.0 2049439.8 305.0 -9,3  2037263.8 397.0 593420.0 489.0 838320.0
214.0 2842247.8 306.0 -9.5 2022219.8 396.0 $97266.0 490.0 838402.0
215.0 2835151.9 307.0 -9.5  2007275.9 399.0 602174.0 491.0 838372.0
216.0 2027895.8 308.0 -9.6  1992335.9 400.0 606676.0 492.0 838426.0
217.0 2820687.8 309.0 -9.7  1977383.8 401.0 612154.0 493.0 838480.0
218.0 2813751.9 310.0 -9.7  1962487.9 402.0 618566.0 494.0 8368452.0
219.0 2806447.8 311.0 ~9.8  1947575.9 403.0 625932.0 495.0 838480.0
220.0 2799279.9 312.0 -9.9  1932679.8 404.0 £34290.0 496.0 8368528.0
221.0 2792215.8 313.0 -10,0  1917759.8 405.0 643566.0 497.0 838506,0
222.0 2785143.8 3140 -10,2  1902871.8 406.0 653562,0 498.0 838506.0
223.0 2777943.8 315.0 -10.3  1888027.9 407.0 664430.0 499.0 838480.0
224.0 2710775.9 316.0 -10,5 1873331.9 408.0 676046,0 500.0 838480.0
225.0 2763783.9 317.0 -11.1  1858339.9 409.0 6884540 501.0 838454.0
226.0 2756591.9 318.0 -11,7  1843523.8 410.0 696894.0 502.0 838446.0
227.0 2749591.9 319.0 -12,3  1828011.8 411.0 705592.0 503.0 838430.0
228.0 2742511.8 320.0 -12,5  1813963.8 412.0 714542.0 504.0 838402.0
229.0 2735375.8 321.0 -12.5  1799295.9 413.0 723804.0 505.0 8368396.0
280.0 2728399.8 322.0 -12,5 1783819.9 a14.0 733200.0 506.0 838370.0
231.0 2721351,8 323.0 “12,7  1768467.9 415.0 742886.0 507.0 838372.0
232.0 2713879.9 324.0 -12,9  1752995.9 416.0 -6.5 752794.0 508,0 838354.0
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APPENDIX K. CALIBRATION TESTS ON THE NASA-LRC
MICROWAVE ANECHOIC CHAMBER

A. INTRODUCTION

The subject study involved radar cross-section measurements of a model of the
Scout missile with a RAM payload. It was initially agreed that these tests would be
performed in the microwave anechoic chamber at LRC after the facility was tested to
determine the most appropriate scale factor to use in construction of the model. This

appendix summarizes the results of tests at this facility.

B. FACILITIES DESCRIPTION

The LRC facility made available to RTI consisted of an approximately 9 x 20 foot
chamber with interior walls covered with carbon saturated styrofoam material. The
instrumentation was of the monostatic CW cancellation type using a balanced hybrid T
with tunable load to decrease coupling between the transmitter and the receiver as
shown in Fig. K-1. 1In the absence of the target, the tunable load may be adjusted
so that undesirable reflections from microwave mismatch as well as extrameous return
from the support and facility are nearly nulled. If the contribution from these
sources remains essentially the same after placing the target on the support accurate
measurement may be obtained. Large targets in general al'ter the illumination of the
chamber énd the background may significantly affect the validity of the data. For
this reason, it is desirable to calibrate the facility in order to determine the
physical iimitaiions on target size. The target size limitations in turn determine
model scale factors for a given facility.

The CW cancellation scheme depends on the oscillator stability for success. The
signal source must maintain steady phase and amplitude characteristics over long
periods to eliminate frequent system adjustments. Different oscillators are avail-
able in the subject chamber to cover the different frequency bands. The X-band sys-
tem is stabilized through a phase-locked loop; the Ka- band system utilizes a simple

reflex klystron with oil-bath cooling.

C. CALIBRATION

Radar cross-section (RCS) measurements are obtained by comparing the scattered
signal from a target to the scattered signal from a known standard. The sphere is
one of the few geometries for which an exact solution to the scattering equations
exists, For this reason, the sphere is almost universally chosen as a calibration
standard.

Since an anechoic chamber is known to have size limitations on targets, it is

necessary to ascertain that plane wave conditions (uniform phase and amplitude)
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exist over the volume to be occupied by the model., One way in which this may be
determined is by measuring the incident wave front with a small probe moved about

the volume, However, this technique describes conditions before the larger target

is introduced, and does not predict actual measurement conditions. A much simpler
test is to measure an object with known RCS which has similar physical characteristics
to the unknown target and therefore occupies approximately the same volume.

The cylinder is another geometrical shpae for which accurate calculations are
available. It possesses shape similarities to most launch vehicles. For these
reasons it was selected as a test model.

it has been shown that the return from a polyfoam column varies significantly
with frequency and an optimum column diameter can be selected for a given target
weight. However, this is an insensitive parameter in the measurement of targets with
relatively large RCS. For the calibration tests discussed here, a six-inch diameter
column was chosen as the target support as it was felt this would adequately support
the test objects without undue wobbling during rotation. The height of the column
was chosen to place the target at about the same level as the illuminating antenna.
With the columm in place, 9.17 Gc was selected as an operating frequency as the
characteristics of most chambers are reasonably constant over several thousand meg-
acycles at X-band.

None of the lower frequency set-ups were investigated since the Scout missile
must be scaled to at least X-band (for L-band equivalent data) in order to achieve
a model size compatible with the chamber. A brief investigation of chamber cap-
abilities at 28.3 Gc was conducted but little was learned of equivalent chamber
cross-section due to transmitter instability. The 28.3 Gc operation was assumed to
be equivalent to the 35 Gc capability which was not tested as the transmitter klystron
(the major factor) is of the same type.

1. Sphere Tests

Almost universally, the sphere is the calibration standard in the RCS measurement
field. Since the RCS of the sphere is easily derived and is independent of aspect
and polarization angle, it is generally selected as a tool in the assessment of cal-
ibration accuracy. In the absence of background reflections, target support inter-
action, and errors due to phase curvature over the plame of the target silhouette,
calibration of the linearity of an anechoic chamber is easily accomplished with the
use of standard spheres. A series of spheres may be measured and the residual back-
ground return assessed along with the system linearity. Prior to this test, however,
it is essential that plane wave conditions be known to exist in the volume to be oc-

cupied by the spheres; otherwise, the resulits can be misleading. The initial test on
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%" and 1" diameter spheres varied enough with rotation of the target support to

cause suspension of a precise calibration of linearity, While the returns from

these spheres should have been precisely 3.9 db different, an uncertainty of about

3 db existed due to variations with sphere movement in and out of phase with back-
ground return and the sphere test was abandoned. As an added check to simulate a
target having two separated scatters, two 1'"spheres separated approximately 3%" were
placed on the 6" column and rotated to generate an interference pattern. The results

should be similar in character to that shown in Fig. K-2, depending on spacing.
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Fig. K-2. Interference pattern for two spheres (Dumbell),

2. Cylinder Tests

Except near end-on aspect, the radar cross-section of a finite cylinder can be
calculated accurately for longitudinal and transverse polarization. Broadside as-
pect return for a thick cylinder is particularly easy to calculate, and the dependence
of the RCS (o ;) on the square of the length (for cylinders of sufficient diameter
and length to avoid resonance effects) makes the cylinder an attractive standard for
calibration of backscatter measurement facilities. This is particularly true for
targets of cylindrical shape such as the Scout missile. By keeping the cylinder
diameter constant, the square root of the broadside radar cross section (o 1)
versus length can be examined as an accuracy criterion. For ka > >1, where k is
2n divided by wavelength and a is the cylinder diameter, a linear relationship (in-
dependent of polarization) can be expected as shown by the dashed lines in Fig. K-3.
Polarization correction factors are required for ka < 10. For the 1" cylinder, some
change in RCS is expected with polarization; the horizontal return should be 0.4 db
higher than kalz, and the vertical (transverse) RCS should be 0.5 db lower than kalz.
Respective adjustments for the 2" cylinders are 0.2 db and 0.4 db, Calculated
broadside returns expected for all cylinders measured at 9.17 Gc are tabulated in

Table K-1.
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Fig. K-3. Summary of cylinder tests at 9170 Mc.

Table K-1
Calculated Values (dbsm) for Cylinders at 9.17 Gc

Diameter = 1 inch Diameter = 2 inches
Length (in.) o, Sy Length (in.) o, S
7.2 -11.3 -10.4 14.4 -2.3 -1.7
8.4 -10.1 -9.2 16.8 -0.9 ~-0.3
9.6 -8.9 -8.0 19.2 0.2 0.8
10.8 -7.9 -7.0 21.6 1.3 1.9
12.0 -7.0 -6.1 24,0 2.2 2.8

The dimensions of the cylinders were chosen to avoid resonance effects with changes
in length and yield data on bodies with dimensions of the same order as a Scout missile
(less the first stage booster) when scaled to the measurement frequency.

For the measurements to give data suitable for normal far-field analysis, the tar-
get should be separated from the antenna in excess of Z(D1 + DZ)Z/A , where D1 is the
maximum antenna aperture dimension and D, is the maximum target dimension projection
on the plane normal to the line of propagation. This criterion can be somewhat relaxed,
however, without causing significant error, depending on data accuracy requirements
and the nature of the target. For these tests, considering the ultimate utilization
of the data, 2(D1 + Dz)zlx, was chosen as an an appropriate criterion. For the series
of tests, the antenna was placed approximately 13' from the target support. This is
a reasonable compromise between the extremes generated by considerations of placing

the target as close to the antenna as possible (to maximize reflected power) and as
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far from the back wall as possible (to minimize target/wall interactions); and
placing the target as far as possible from the antenna to minimize phase front varia-
tion of the illuminating energy.

For the X-band tests, this range to the target (13') coupled with the antenna
used (maximum dimension about 8"), indicated that the cylinders longer than about
six inches would probably start to show errors caused by non-uniform wave illimina-
tion. None of the proposed scale models were to be this small and it was the intent

of the cylinder tests to assess this type of error on targets subjected to non-

uniform illumination. (Dl + D2)2
Using the same criteria [R = A ] for the 28.3 Gc frequency, the maximum
target dimension (for 4'" antenna and R = 13') is only 2%". An attempt was made to

measure a few such targets at 28.3 Ge. The results were inconclusive due to non-
uniform illumination as well as klystron drift,

Stratton [22] has shown that the use of scaled models and frequencies is justifi-
ed. The linear scale factor for the model is equal to the ratio of the wavelength
of the measuring system to the wavelength in the full scale system. Then, since all
linear dimensions in the modeled system are the product of the corresponding full
scale dimension and the scale factor, the radar cross-section for the full scale
system will be the measured cross-section of the model divided by the square of the
scale factor,

The frequency of interest for the acquisition study is 1.3 Gc. Scaling the

missile (less first stage booster) to 9.17 Gc implies a scale factor of while

1
7.07
scaling the missile (less first stage booster) to 28.3 Gc implies a scale factor of

1
21.8°

would be approximately 74" at 9.17 Gec and 23.9" at 28.4 Gc. Measurements are re-

Thus the largest test configuration (entire missile less lst stage booster

quired after sequential removal of each stage, leaving only the payload as the final

object.

C. TESTS RESULTS
1. Background Tests

A measurement of RCS versus azimuth angle for the 6" column indicated no sig-
nificant difference between vertical and horizontal polarization. It was further
noted that the return had been cancelled to system noise level but varied significant-
ly with column rotation.

The return from the column alone (i.e. less background) was not ascertained
during the testing; a more comprehensive chamber evaluation would have been required
to determine the important column parameters such as homogeneity, trimming and cut-

ting methods, cell size, column length, etc.
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It was found that the median return from the column for a full 360° rotation
was about 50 db below a square meter at X-band. This is acceptable for obtaining
backscattering information to a level of about -30 dbsm (for nominal 1 db accuracy).

No column data was obtained at 28.3 Gc as the null balance was too unstable.

2. Sphere Tests, 9.17 Gc

For these tests, the sphere was placed off-center on the 6" polyisofoam column
for the tests. Since the total return (sphere removed) varied with rotation, the
particular angle for which the total signal was nulled by adjusting the tunable load
caused the interference pattern (sphere on column) to change. The best result
obtained led to an initial uncertainty in calibration of about 1% db with 2 db being
more typical. This adds a bias-type error to measurements and is in addition to any
other errors present. Several runs indicated a greater error.

To ascertain the results of measurement of two scatterers of equal magnitude
spaced a few wavelengths apart, two 1" spheres were placed on the column with about
3%" separation. A theoretical interference pattern similar to that shown in Fig.
K-2 would have resulted from a precise spacing of odd quarter-wavelengths, except
near 8 = 0 due to shadowing effects. The pattern should have reached the same amp-
litude at each peak except the case where one sphere shadows the other, The data
from this run looked reasonable and was not inconsistent with the single sphere run.
A broad shallow peak, occurring when one sphere was shadowed by the other should
have been precisely repeated 180° later. A difference of about 4 db was noted, in-
dicating this cou cccur for unknown targets of similar physical shape at this
frequency.

No sphere tests were performed at 28.3 Gc due to transmitter instability.

3. Cylinder Tests

The cylinder tests for 9.17 Gc are summarized in Fig. K-3. The two dashed curves
correspond to the theoretical peak (broadside) response for ka >> 1, (k = 2u/A and
a = radius) for which there is no polarization dependence, i.e., a "thick" cylinder.
Since ka = 2.44 and 4.88 respectively for the 1" and 2" cylinders tested at 9.17 Gc,
it was necessary to make a slight polarization correction in the theoretical RCS of
the cylinder~--making the estimates accurate to a few tenths of a decibel. The pre-
cise theoretical values have previously been listed in Table K-1,

All of the measurements on cylinders (obtained only at 9.17 Gc) were consistent
with theory although quantitatively in error. The discrepancy between theory and
measurement for the shorter lengths of the 1" cylinders may be attributed to a bias
error in calibration, but the error tends to grow with length and the longest length

....... -

) apparently suffered from appreciable non-uniform illumination. This was in

evidence not only in the value of the broadside RCS but in the depths of the nulls
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near broadside when compared with shorter length cylinders. For vertical polariza-
tion the discrepancy between theoretical and measured broadside values was somewhat
greater than for horizontal polarization, a factor explainable by a known bias error
of a few db.

The measured RCS of the 2" cylinders did not vary observably with length, indi-
cating severe distortion of the illuminating energy since the receiver was known to
be operating in a linear region,

At 28.3 Gc, there was no resemblance to that expected, due partially to trans-
mitter instability and system sensitivity. It was not possible to cancel the resid-

ual signal to a value low enough to observe the presence of a target in the chamber.

D, CONCLUSIONS

No realistic scale factors for the Scout missile (less booster) could be derived
for required data accuracy of + 3 db. It became apparent that objects of the general
shape of a scale model of the Scout missile could not be measured at the subject
facility accurately enough to provide data to serve as the basis of a quantitative
acquisition study. Objects longer than a few wavelengths must be corrected for near-
field affect on measurements and background interaction is appreciable., These con-

clusions were reached after a brief investigation, but are believed to be conclusive,
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APPENDIX L. DOCUMENTS OBTAINED DURING STUDY

Scout $-129 LTV Preflight Trajectory
Scout S-130 LTV Preflight Trajectory
Scout S-129 FPQ-6 (W.I.) Radar Tracking Data
Scout S-129 FPS-16 (BDA) Radar Tracking Data
Scout S-130 FPQ-6 (W.I.) Radar Tracking Data
Scout S-130 FPS-16 (BDA) Radar Tracking Data

AGA Corp., Report N4696, Technical Description of 30' Diameter Cassegrain Antenna
(Proposal)

NASA Specification for X-band Telemetry Tracking Receiver

NASA Specification for 30' Tracking Antenna

NASA Specification for VHF Telemetry Tracking Antenna

Brief Informal Characteristics of L-Band Radar System

Telemetry Antenna Patterns for Scout at 225.7 Mc, 240.2 Mc, and 244.3 Mc

Range Map RPC-2a

NASA TN D-2437 - Detailed Description and Flight Performance of the RAM B Vehicle

F65-3174 - Flight Plan - RAM B-2 Material Addition and Multi-Frequency Radio
Attenuation Measurements

F65-3174 Addendum 2 - Flight Plan - RAM B-2 Vehicle Tracking Data

F65-3174 Addendum 3 - Flight Plan - RAM B-2 Final Checkout and Terminal Count-
down

Oscillogram 117-4~2N AGC record for 225.7 Mc and 244.3 Mc VHF telemetry
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